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PREFACE OF THE AMERICAN EDITOR. 



This Manual is designed for practical use in the 
iron master's laboratory. Itsintent, and scope have 
been fully set forth in the Preface of the Authors 
and that of the English Editor, so that we need not 
here enlarge upon the subject. 

The American editor has preserved intact the text 
of the authors and the notes of the English editor, 
and has added besides various additional notes and 
an Appendix, in which latter tlie principal Iron Ores 
are examined in a general manner, in regard to their 
compoaition, quality, and geological disposition. 
Ilistead of placing the notes at the end of the book, 
and referring to them by means of numbers, they 
have been intercalated in the text, at the places to 
which they belong. The American editor's notes 
are placed between brackets. 

The vast and steadily growing importance of the 
iron manufacture in the United States, and the 
increasing interest in the chemical researches relating 
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iv PREFACE OF THK AMERtCAN EDITOR. 

to it, induce us to hope that this Manual may help 
to popularize the study of ehemiatry, to which of late 
yeara the metallurgy of irou owca its greatest 
progress. 

A. A. F. 

Philadelphia, September 10, 1873. 
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ENGLISH EDITOR'S PREFACE. 



This small volume deals simply with the practical. 
It is the work of authors skilful and well acquainted 
with the analytical methoda generally adopted in 
the great ironworks and factories of Belgium, 
France, and Germany, which, together with the 
apparatus and reagents there usually employed, 
they succittctly deserihe. 



The work appeared to me a useful table manual, 
even to the accomplished assayer and analyst. It is 
also one, from the careful study of which, accom- 
panied by the self-instruction derivable from a 
repetitive course of the operations described, any 
tolerably intelligent man, with some preliminary 
knowledge of inorganic chemistry and of manipula- 
tion, might become a practical iron-assayer. As 
much chemistry as that may now be acquired at 
many of our educational institutions, colleges, etc. 
Although our national r.otions and standard of 
1* 
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VI ENGLISH EDITOR S PREFACE. 

general education remain ao defective, that engineers, 
mechanicians, founders, manufacturers, and traders 
remain generally ignorant of chemistry and chemical 
analysis, the knowledge of which is yet so important 
to all, a clearly written handbook such as this (which 
deals with the vastest of our metallic indnatriea-— 
that of iron) cannot tut prove serviceahle now, and 
must become increasingly so with the progress of 
education. 

I have, therefore, deemed the work of Drs. De 
Koninck and Dietz worthy of translation, and have 
added some notes which, it may be hoped, do not 
detract from its value. 

Amongst these is one which may offer several 
useful hints (derived from personal experience) for 
the construction and arrangement of industrial and 
analytical laboratories in ironworks and like cstah- 
liahmenta. The formula?, as well as the atomic and 
molecular numbers, I have left as I found them in 
the original work. 

ROBERT MALLET. 

LoNDOK, 3d June, 1873. 
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PREFACE OF THE AUTHORS. 



Among the numerous works of analytical chemistry 
which we have consulted, we have not met with a 
single treatise on the dociraaey of iron in an 
exclusively industrial point of view. We have tried 
to supply this want by the publication of the present 
Manual, in which our aim has been to present in a 
concise form every item of information which we 
considered of use to chemists in ironworks, for 
whom our work is specially intended. 

"We are convinced that our labor will spare them 
long and wearisome researches, which they would 
often be obliged to make, through more general 
treatises often of little practical utility. "We hope 
we shall assist in generalizing the processes most in 
use, or at least in causing the adoption of uniform 
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methods of operation, the introduction of which 
would be especially valuable in cases of conflicting 
analyses. 

If we succeed in our endeavor, we shall be 
sufficiently recompensed for the labor of the investi- 
gations we have undertaken. 

LiEOE, 1871. 
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A PRACTICAL MANUAL 



CHEMICAL AKALYSIS AND ASSAYING. 



PART I. 

THE REAGENTS. 

I.— SIMPLE SOLVENTS. 

Water. 
Formula, H'O. Atomic weight, 18. 
If water containing even a slight trace of impurity 
were employed for analytical purposes, wo should be 
liable to fall into serioua error, taking into consider- 
ation the large quantity of water required. Only 
distilled water is employed. Eor the necessary de- 
gree of purity we should ascertain that there be no 
residuum after evaporation, and that its clearness be 
preserved after the addition of a barytic solution or 
the oxalate of ammonium ; any disturbance in the 
water occasioned by the first of these reagents would 
indicate the presence of sulphuric acid or some sul- 
phate ; the second would indicate, in like manner, 
the presence of salts of calcium. A small quantity 
2 
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14 A PRACTICAL MANUAL OF 

of the sulphhjdrato of ammonium shouM only give 
water a clear yellow tint ; a greenish tint or a pre- 
cipitate would be produced by the metallic salts. 
Lastly, we should ascertain that water acidulated 
with pure sulphuric acid does not discolor perman- 
ganate of potassium, even at a temperature of 60° 
to 70° Centigrade, which would indicate the presence 
of organic matters, and would injure the analysis 
of iron by the volumetric process of Marguerite, 

The presence of small quantities of hydrochloric 
acid, or of any alkaline chloride, will not falsify the 
results of such analyses as we are here engaged with ; 
a solution of nitrate of silver will give a very simple 
and sensitive test for their pr^ence. "Water should 
be distilled in a copper still, coated internally with 
tin, and furnished with a tin worm or condensing 
tube. The first water distilled over is always rejected, 
as it generally contains ammonia, and we should not 
distil off more than two-thirds of the water employed 
in order to avoid the carrying over of solid matters. 
In large manufactories distilled water is easily ob- 
tained by condensing the vapor issuing from a steam 
boiler. 

The editor writes from liis experience of some yeftrsmhis own 
laboratory, whicJi for some years was in the midst of large engi- 
neering works, when he states that, whilst it is quite possible to 
procure an ample and constant supply of quite pure distilled 
water from steam taken off from the boilers of factory engines, 
by the gmploymenl of projier precaution), it is quite impossible to 
obtain it except in a more or less impure state by the methods 
nsually employed for taking the steam off and for condensing it. 
As steam comes rushing through the large st^am pipes from the 
bdlers lo the engines, it brings along with it sometimes mechani- 
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CHEMICAL ANALYSIS AND ASSAYINO. 15 

cally-carried earthy matters, or even common salt carried up witli 
the ateam, but always organic matters from the oil, tallow, paclv- 
ing8,etc., and occasionally sensible traces of copper and iron, etc. 
The impurity always to be guarded against, however, is greasy 
organic nialMr, which, small as it is in quantity, may cause chemi- 
cal obscurities, and produce a film of grease upon the glass appa- 
ratus disagreeable and hard to clear away. 

The editor found that the best method to obtain al}6olutely pure 
water, was to employ tiie heat of the engine steam to redistil water 
previously condensed from the steam boiler, from a tliiu silver 
alembic, the water being mwulained therein at a uearly constant 
level by a simple float arrangement (the converse of that com- 
monly employed to discharge condensed water from steam pipes), 
and to condense the vapor from the alembic in a long silver tube 
envelopedina current of cold water. But water sufBciently pure 
for almost any laboratory purpose can be obtained directly from 
tlie usual sorts of steam engine boilers by the following precau- 
tions : The steam should be taken off a« far as possible from the 
boiler itself, and by a rather small tube from tlie steam pipe, 
above which it should rise vertically for some feet, and there pass 
through a large, well-burnt stoneware pipe filled full of quartz 
pebbles, carefully washed in dilute hydrochloric acid, and after- 
wards exposed to boiling water for some time. 

If the surface be sufficient in such a tube of pebbles (not bigger 
than large peas) the whole of the organic and mechanicaiiy-car- 
ried-up matters (not soluble) are separated by contact action ; 
and if the steam boiler be fed with reasonably pnre natural water, 
and there be no copper or brass in slop valves, etc., between the 
boiler and the place of taking off the steam, scarcely anything 
can be detected in the distilled wa1«r after the apparatus has been 
some days at work. The condensation was effected by the editor 
simply b3' passing the steam from the stoneware tube vertically 
upwards into a large German glass tube immersed externally in 
a constant run of cold water. The store of distilled water was 
iiept in stoneware jars of the largest size, with ground-glass stop- 
pers. Thence for immediate use it was transferred to a globular 
bottle of [bright metal) crown glass, with a ground stopper, the 
bottle, which lield about a gallon, resting upon a small balanced 
stand, on the laboratory table, so that it could be tilted easily, to 
draw off water. 
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Cocks, however made, are objectionable ; llie moist uncoTered 
surfaces collect dust and otlier impurities. Flint-glass liottlesare 
inadmissible for holding pure water. 

[Worms made of tin for condensing distilled water will be 
found to answer tlie purpose well, provided the metal employed 
be pure block tin, and not, as is often tlie case, an alloy of tin and 
lead.] 

To keep water pure, we should preserve it in glass 
bottles from the vapors of the laboratory, and never 
pour it directly from these into vessels filled with 
vapors or gases. A very suitable apparatus for the 
preservation of water consists of a lai'ge bottle (Fig. 1), 



Fig 1 




furnished with a doubly perforated cork, having on 
one aide a siphon, and on the othei a tube tor the 
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CHEMICAL ANALYSIS AND ASSAYING. 17 

access of air; the siphon terminates in a gutta-i>erc]]a 
tube closed with a stopcock; the air tube is bent down, 
and contaius a bung of wadding to retain dust. It 
would be still better to cause it to communicate with 
two small vessels, one containing sulphuric acid and 
the other » solution of potassa or caustic soda, in 
order to prevent the gases or injurious vapors from 
the laboratory penetrating the apparatus. This can 
be placed on a stand or bench of suitable height. 
For ordinary use, water can be preserved in phials 
with a spout or tube. 

Alcohol. 

Formula, C'IPO. Atomic wtiglit, 4G. 

The alcohol employed is not that represented by 

the above formula; ordinary spirits of wine at 8.3 

per cent, is quite suitable. 

Ether. 
Formula, C'H'°0. Atomic weiglii, 74. 
The ether of commerce is sufficient for general 
purposes. Even at an ordinary temperature, ether 
emits vapors which form an explosive mixture with 
air. Care should be taken not to make use of this 
reagent in proximity to any body in combustion. 

Serious accidents haTe originated in Uie blowing out of the 
stoppers, or by the bursting oflarge bottles of ether, exposed to 
much radiant or other heat in laboratories. 

The store bottle of ether is best kept within a cylindrical tin 
canister, and In a part of the laboratory as remote as possible from 
futnaces, gas flames, or direct sunshine, etc. 
2* 
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II.— ELEMENTARY BODIES. 

Hydrogen. 

Formula, H. Atomic weight, 1. 

Hydrogen is prepared by the action of metallic zinc, 
and dilute sulphuric acid. The following equation 
shows the reaction : Zn + H^SO'«= ZnSO* + H*. 

To obtain pure hydrogen the zinc and the acid used 
should both bo pure, and the gas should not be col- 
lected until the air is completely expelled from the 
apparatus. The latter is composed of a bottle with 
a wide neck, closed with a doubly perfoi-ated cork, 
supporting a funnel tube extending to the bottom 
of the bottle, and a bent tube for the liberation of the 
gas. The bottle contains water and granulated zinc, 
and upon this we pour through the funnel some sul- 
phuric acid, adding more from time to time to secure 
the regular development of the gas. "We may also 
use the apparatus of Doebereiner, described on page 
32, in reference to the preparation of carbonic anhy- 
dride. To obtain dry hydrogen we must pass it 
through a tube of the TJ form containing chloride of 
calcium. 

Belgian zinc is much purer llian Brilisli or (Termaii, and 
" punchinga" out of Belgian sheet zinc, in a perfectly clpan 
state can be procured in London from the zinc norkers, which 
are yery convenient for the eYoIution, of hydrogen. 

Perfectly pure hydrogen, however, cannot be obtained at once 
fmtci any zinc of commerce, and if so evolved, it ahould be passed 
through a strong aolulion of caustic potassa, and tlien through 
one of bichloride of mercury, if needed pure. 
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CHEMICAL A>.'ALY3IS AND ASSAYING. 19 

Pure hydrogen inay be evolved from sodium, or by the gal- 
vanic decompoeition of water between platinum electrodes, where 
the volume required is not large. 

[American zinc is purer than the European article, especially 
in its freedom from arsenic and lead. It often contains, how- 
ever, a certain amount of iron, when remelted in east-iron kettles 
preparatory to pouiing it into moulds. "We have used for analyti- 
cal purpose a sample of zinc made at Newark, N. J., «liic!i wna 
entirely free from arsenic and iron. ] 

Chlorine. 
Formula, 01, Atomic weiglit, 35.5. 
Chlorine gas is obtained by taking away the hy- 
drogen from hydrochloric acid, by means of an oxi- 
dizing body. The peroxide of manganese is the 
most suitable of all proposed oxidizers. 

The apparatus rer^uired is represoiUod iu !Fig. 2 ; 



Fig. 3. 




a is ft flask containing a mixture of the peroxide 
and ordinary hydrocidoric acid ; it has a safety-tnbe 
/, and a discharge tube i'. The latter conveys the 
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gas into the flask b, containing a small quantity of 
water. If it be desirable to obtain dry gas, a second 
flask containing concentrated suliihuric acid is added 
to the apparatus. The flask a is half dipped in a 
water-bath. The reaction commenced then goes on 
in the cold, but is accelerated by the application of 
gentle heat. The peroxide of manganese, in pieces 
of the diameter of one to two cubic centimetres 
(size of large beans), is preferable to the powdered 
oxide, not only from its greater purity, but from 
the more regular liberation of the chlorine. The 
following equation represents the reaction : — 
81IC1 + 2MnO= = Mn^Cl' + 41P0 + 01*. 
Chlorine water is obtained by passing the gas 
through distilled water up to saturation ; this solu- 
tion, which contains about five volumes of chlorine 
to one of water, must be kept in a cool place, ex- 
cluded from light, in a glass stoppered bottle, ren- 
dered air-tight by keeping it turned upside down, to 
make by the fluid itself the closure more hermetical. 
Notwithstanding these precautions it changes before 
long ; the chlorine combines with the hydrogen of 
the water (forming hydrochloric acid), and oxygen 
is liberated. 



Tin cylindrical canisters with covers, or those of liard wood 
turned liollow, with caps to slip on, are used in all the German 
laboratories to preserye preparations acted on by light, and are 
mtich more convenient than shutting the bottles up in cupboards 
and drawers. Bottles of the opaque black glass, furnished by 
some of the chetnicail apparatus dealers, are objectionable, as it 
is impossible to judge of the state of their interior. 
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Ji)-07r>inc. 
Formula, Br. AloDiic weight, 80. 

Iodine. 
Formula, I. Atomic -weight, 137. 

These two reagents are emploj^ed in the state 
furnished by eonimeree. Bromine is preserved in 
well-stoppered and capped bottles, as a security 
against escape of its vapor, which is excessively 
corrosive. In using this reagent we should not 
forget that it has a most injurious efi'ect upon the 
skin, and that its fumes attack the eyes and lungs. 
Bromine water is prepared by shaking together 
briskly in a closed vessel bromine and distilled 
water ; to insure saturation, the bromine should be 
added until some remains undissolved. "We can 
ascertain whether the solution be free from sul- 
phuric acid by means of chloride of barium. 

Bromine is employed in large quantities for the 
determination of carbon in cast iron ; and as it is 
expensive, it is advantageous to preserve the solution 
obtained in order to extract the bromine again. In 
the solution it is found in the state of bromide of 
iron ; with the aid of a solution of carbonate of 
potassium, we ettect a double decomposition, and 
obtain an insoluble compaund of iron, and a soluble 
one of bromide of potassium ; by filtration and 
evaporation we obtain crystals of the latter. To 
abstract the bromine, we mix these crystals with 
pulverized peroxide of manganese and sulphuric 
acid, diluted with three-foOrths of its volume of 
water. This mixture is then distilled, and the bra- 
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mine vapoi-s condensed in a small glass refrigerator 
tube. 

Iodine is recovered in the same way, taking care 
to substitute concentrated sulphuric acid for the 
dilute. 

At exisling prices in commerce it is scai'cely worth while, ia 
any Britisli laboratory, to attempt the disagreeable process of 
recovering either bromine or iodine residues. They are best 
bargained for at their value witli tlie chemical dealer who sup- 
plies the laboratory. 

Bromine, as has been showo by Dr. Waage, may with advan- 
tage be employed as a general oxidizing agent in tlie metallurgi- 
cal laboratory. It may be employed in three forma — as free 
bromine ; as a solution in water, which, at ordinary temperatures, 
does not contain more than 3 per cent, of bromine ; aud in solu- 
tion in strong hydrochloric acid, which dissolves about 13 per 
cent. Sulphides, even iron pyrites in crystale, are readily de- 
composed by bromine. Sulphur is by it more rapidly oxidized 
than by strong nitric acid ; and precipitated sulphides are thus 
easily broken up, and brought to a state fit for weighing, with- 
out the necessity of burning the filter. The presence of ammo- 
niacal salts (with which bromine hberates nitrogen) hinders the 
formation of peroxides in acid solutions of cobalt, nickel, and 
manganese, but does not interfere with that in the like solutions 
of iron, tin, and mercury. (Frescnius, Zeitschril't, 1873.) The 
advantages of bromine water over chlorine water as an oxydant 
are considerable. According to the writer's observation, bro- 
mine and iodine together acts more energetically in breaking np 
cast iron, for liberation of its carbon, than either alone ; and 
bromine, through which chlorine has been passed, acts more 
rapidly than that element alone. 

OxT/gen. 

Formula, O. Atomic weight, 16. 

Oxygen ia obtained pure by the decomposition of 

chlorate of potassium by means of heat:— 

KC10= = KCl -I- O. 
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The operation is performed in the following man- 
ner: Pour some pulverized chlorate of potassium, 
mixed with about a fifth of its weight of peroxide of 
eopper or pulverized peroxide of manganese, into a 
small glass retort. The oxides of copper or man- 
ganese greatly assist the reaction, although they are 
not themselves decomposed. Care should be taken 
that the mixture contains no organic matter, whieh 
might cause explosion, or at least destroy the purity 
of the gas. An escape-tube is fitted to the retort 
by means of a cork or caoutchouc tube, and heat is 
applied hy a spirit or gas lamp or a little charcoal 
furnace. When the liberation of the oxygen has 
commenced we collect the gas in a gas vessel, by 
inserting the escape-tube in the tubulure of that 
vessel. The temperature should be raised towards 
the end of the operation, but carefully, to avoid 
bumping at the bottom of the retort. The propor- 
tion of chlorate to be employed is four grammes for 
each litre of oxygen required. The jieroxide of 
copper made use of is not lost ; to regain it we have 
only to add water to the residuum of the operation, 
and by filtration separate the insoluble oxide, and 
then calcine it afresh. 

[The safest way to prevent a too rapid disengagement of gas, 
is to considerftljly dilute tlie chlorate of polaBsium, as indicated 
in the lest, by llie peroxides of copper or of manganese, or to 
add only a very minute proportionof peroxide of manganese, one- 
thousandth part for instance. 

Care slioiild be taken to ascertain that tlie peroxide of manganese 
contains no sulphuret, otherwise violent esplosions may occur. 

If a caoutchouc (India- rubber) tube be employed for the appa- 
Tatua, it should be put where the heat is not strong enough lo 
affect it. By the decomposition of India-rubber by teat, hydro- 
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carbons are formed, wliidi produce explosive mixtures with 
oxygen, or contaminate tbe pmity of this gas for analytical re- 
searches. ] 

Iron. 
Formula, Fe. Atomic weight, 36. 

Iron is made use of to fix the standard strengUi 
of the solutions intended for volumetric analysis. 
For this purpose we use piano-forte wi're, which ia 
the purest iron furnished by commerce ; it contains 
oil the average xAu impurities, and consequently 
"i*oVd pui'G iron. 

It should be preserved free from damp, and from 
.the fumes of the laboratory, which would cause oxi- 
dation. It may be kept in the balance room and 
best in a wide stoppered bottle. 

Zinc. 
Formula, Zn. Atomic weight, 03.3. 
Thin plates of rolled zinc are most generally em- 
ployed : it is cut into small pieces of equal size, which 
facilitates the operation, as we ehaU see when treat- 
ing of the volumetric determination of iron. The 
rolled metal of commerce is not of sufficient purity 
to standardize solutions of sulphide of sodium in- 
tended for the volumetric analysis of zinc; it is 
necessary to employ for this redistilled zinc. 

Tin, 

Formula, Sn. Atomic weight, 118. 

This metal is employed in thin slips for thedefer- 

niiimtioii of phosphoric acid. For the preparation 

of chloride of tin, grain tin of commerce may he 

employed. 
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in.— ACIDS. 

Hydrochloric Acid. 
Formula, HCI. Atomic wciglkl, 36 5. 

The pure acid is colorless, and leaves no precipitate 
when evaporated in a capsule of platiimni; it ought 
not to turn blue immediately on the addition of a 
little starch paste and iodide of potassium, which 
would indicate the presence of free chlorine or ferric ■ 
chloride. Diluted with twice or thrice its volume of 
water, it should not be affected by a drop of a solu- 
tion of ehlonde of barium, as indicating the exist- 
ence of sulphuric acid. Besides pure hydrochloric 
acid, wo use for the preparation of chlorine, etc., the 
impure acid sold under the name of ordinary hydro- 
chloric acid, which is strongly colored yellow by 
ferric chloride. 

Nitric Acid. 
Formula, HNO». Atomic weight, 03. 

This reagent is employed in two conditions ; that 
of concentrated nitric acid, usually colored yellow or 
brown by less oxidized combinations of nitro^n, or 
ordinary nitric acid less concentrated than the first. 

This acid ought not to leave any residue on evapo- 
ration; it ought to be quite free from sulphuric acid, 
which can be ascertained as indicated in reference to 
hydrochloric acid ; with a solution of nitrate of 
silver we can ascertain the presence of chlorine. A 
small quantity of the latter is not generally injurious 
in iron analysis. 
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Aqua Regia. 

This is obtained by the mixture of one volume of 
nitric acid to three or four volumes of hydrochloric 
acid ; it is not uaual to prepare it beforehand, for 
according to circumstances there is an advantage in 
making use of aqua regia containing an excess of 
one or other of these acids. 

Sulphuric Acid. 
Formula, H'SO^. Atomic weiglit, 98. 

"When pure this acid is colorless, and when diluted 
with twice or thrice its volume of water ought not 
to decolorate a drop of a solution of permanganate of 
fiotassium, either immediately, which would be due 
to sulphurous acid, or after contact for some time 
with a slip of pure zinc, which would indicate the 
presence of nitric acid. 

A current of hydrosulpLuric acid, even when pro- 
longed for some time, should produce no precipitate 
in the pure dilute acid. 

Dupasquier some years ago (Comptea Eendus, t. xx. 1845) pro- 
posed a yery simple and elegant method of depriving tlie sulplin- 
ric add of commerce of its most miscliioTous impurity — namely, 
arsenic, wiiicli exists in it as arsenic acid to lie amount of .001 to 
.0015, according to Dvipasquier. His method consists in adding 
to the impure acid a sufficient amount of sulpliuret of barium to 
precipitate the arsenic ; any excess of the barium is precipitated 
aa insoluble suiptiate. This method is useful as enabling the acid 
of commerce to be used for many laboratory purposes, owing to 
the Blight solubility of sulphate of barium. However, it is at least 
doubtful if this method leaves an acid absolutely pure. 
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Hydrosulphuric Acid {Sulphuretted Hydrogen). 

Formula, H'S. Atomic weight, 34. 
Ilydrosulplmric acid gas is obtained by the action 
of sulphuric acid or dilute chlorhydric acid on sul- 
phide of iron : — 

IVS* + 2H=S0^ = 2ffS + Te^S^O ; 

Fc^e^ + 4IIC1 = 2H^S + Fe=Cl*. 
Hydrochloric acid is preferable to sulphuric acid, 
because the latter, by producing a salt easy of crys- 
tallization involves a more frequent cleansing of the 
apparatus. To prepare this acid introduce into a 
flask a (Fig. 3) some fragments of sulphide of iron and 




some water : by the funnel ( pour in the acid as re- 
quired, and according to the desired rapidity of the 
current of gas. The gas first passes into the flask 
b, which contains a little water, thence by the bent 
tube t', and the continuing tube t", into the liquid 
upon which it is to act. This continuing tube, sup- 
ported by a caoutchouc tube, ia easily removed and 
cleaned. To prepare a solution of hydrosulphuric 
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acid, we must pass the gas to saturation into distilled 
water ; this solution muat be preserved from air and 
light. 

"We can very easily prepare sulphide of iron for 
this use by mixing three parts of iron filings with 
two parts of flowers of sulphur, projected gradually 
into an carthern crucible heated red hot. It is 
covered and heated until the mass is well melted, and 
then poured out on a metal plate, and broken up. 

Sulpliuvet, or sulphide of iron, is so readily procured in com- 
merce now that it is never worth while lo prepare it in the labo- 

For those who may he so circumstanced, however, as to be 
obliged to prepare it, the best and easiest method is to beat the ex- 
tremity of a flat bar of iron (of about ^ in. by 3 in.) white liot, 
and bring it into contact with a piece of roll Bulphar ; the iron 
combines readily, and the fused aulphuret which drops off' may 
be received in a vessel of water. 

Acetic Acid. 

Formula, C^HiOs. Molecular weight, CO. 

Ordinary acetic acid, containing about thirty per 

cent, of the normal acid is used; it is sufficiently 

pure when it leaves no residuum upon evaporation. 

Oxalic Acid. 
Formula, C«H'0'-|-3H'0. Molecular weiglit, 126. 
This acid is employed to standardize solutions of 
permanganate of potassium. The commercial acid 
is never sufficiently pure for the purpose; it must 
be purified by recrystallization. To do this we must 
pour such a quantity of hot distilled water on the 
commercial acid as will not completely dissolve it, 
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then filter hot and leave the liquid at rest. In 
cooling, crystals are deposited which are separable 
by decanting the mother liquor. These are left to 
dry between sheets of filtering paper. The drying 
must be done without heat, in order to avoid driv- 
ing off some of the water of eryatalHzation. 

This acid ia pure when no residuum ia left after 
combustion on platinum foil. 

[Certain kinds of commercial oxalic acid are wet from tlie 
presence of nitric acid. Tliey sliould be waslied first upon a 
filter, -with cold water, in order to remove the foreign add, and 
tlien made to recryatallize. 

Dr. Mohr recommends the use of tepid, instead of boiling, water, 
added in quantity insufficient to dissolve the whole of the oxalic 
acid under treatment. The impurities, composed mostly of 
the acid oxalate of potassium, are but slightly soluble in a satu- 
rated solution of oxalic acid.] 

Succinic Add. 
Fonnula, C'HsO'. Molecular weight, 118. 
This is only required for the preparation of the 
succinate of ammonium (see this reagent). To 
ascertain its purity, observe whether there be any 
residuum after combustion on platinum foil. It ia 
preserved in the state of crystals which should be 
color leas. 

[ CUric Acid. 
Tormola, C'H'O'. Molecular welglil, 192. 

This acid ia generally prepared from thejuice of lemons. Like 
tartaric aeid, its principal use In the analytical laboratory ia to 
prevent the precipitation of certain substances in solution, iron 
and alumina, for instance, by alkalies. Citric acid is recom- 
mended by certain persons, as superior to tartaric acid for such 
purposes Its solution in water decomposes and becomes mouldy 
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after a certain length of time. It ta tliercforo l^etter kept in tlie 
pulverized form, buying it, however, in tlie shape of crystals, 
which should be as dry as possible. It is ofl;en contaminated 
with sulphuric acid. Which, in many analyljcal cases, may be 
passed oyer, but citric acid should leave no reaiduum after com- 
bustion on platinum foil. J 

Tartaric Acid. 
Fonnula, C'H'O^. Molecular weight, 160, 

In aolutioti in pure water, tartaric acid decoimmsea 
rapidly, and becomes mouldy. The solution can be 
preserved uoadulterated by the introduction of a 
morsel of camphor. The acid may be preserved in 
a solid state, best in fine powder, so that a solution 
can be rapidly made when required. The same test 
as that for the preceding acid decides its purity. 

If a solution of tartaric, or even of citric acid, which is still 
more readily alterable, be made with boiling distilled water, 
free from organic malter, and the hot solution without filtration 
decanted into a stoppered bottle, it remains good and free fi'um 
mould for a very long period. 

To acids properly so called we shall add the thcee 
following atihydridea : — 

Sulphurous Anhydride. 

Fonnula, SO", Molecular weight, M. 

Sulphurous anhydride is produced by deoxidizing 

sulphuric acid by means of metallic copper: the 

following equation indicates the reaction : — 

2H=S0* + Cu = CuSO- + 2H=0 + SO^. 

The apparatus required ia the same as that used 

for the preparation of chlorine, with this difference 

only — it is heated by a naked charcoal fire or by 
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gas-flarac ; into a flask a (Fig. 2) pour four parts ot 
ordinary sulphuric acid, then add one part of copper 
wire or sheet cut into bent shreds ; fill the tube 
intended to prevent absorption, also with sulphuric 
acid. The heat required must be cautiously applied 
to avoid bumping or bubbling over of the mass. 
From the flask, b, the gas is conveyed either into 
the liquid upon which it is intended to act, or into 
a flask containing cold distilled water, and kept 
cold, if a solution be required. The solution must 
be preserved in well-closed bottles. Charcoal may 
be used instead of copper; the operation is performed 
in the same way, but the following e<piation, SiPSO* 
+ C = 2IP0 4- CCF + 2S0% shows that the sul- 
phurous anhydride thus obtained is mixed with 
half its volume of carbonic anhydride, which much 
impaii"s its solubility, and consequently its action. 

Carbonic Anhydride. 
Formula, CO', Molecular wciglit, 44. 
To prejiai* this gas, drop into a flask of water 
soiDe pieces of carbonate of calcium ; tiie cork of the 
flask should be perforated by an escape-tube and a 
funnel-tube, descending into the liquid; through the 
latter tube, pour in gradually some hydrochloric 
acid, regulating the quantity by the rate uf libera- 
tion of the gas produced. 

The reaction is as follows :— 

CaCO -1- 2HC1 = CaCP -\- IPO -I- CO^ 
The apparatus of Doebereiner, represented in Fig. 
4, is very suitable for the preparation of this gas. 
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In the middle of a cj'liiulrical vessel, containing 
IICl, a glass bell with tubes is supported by means 



llri 



of a disk of wood or metal. Some carbonate of cal- 
cium (wliite marble) in tolerably large pieces is sus- 
pended in this bell by means of a wire net, or is 
placed in a perfoi'ated vessel placed within the bell. 
On letting the gas escape from the bell, the dilute 
hydrochloric acid ascends in it, and coming in con- 
tact with the carbonate of calcium, evolves carbonic 
anhydride, which escapes by the tube passing 
through the flask, b, placed on the top of the appa- 
ratus. On the bel! being again occupied by the gas 
the hydrochloric acid retreats, and the apparatus is 
at rest. It is easy to regulate the escape of the gas, 

Molybdic A nhydride. 
Formula, MoO^. Molecular weight, 144. 
This anhydride is used for the preparation of 
molybdate of ammonium. The commercial prepara- 
tion is sufficiently pure. 
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IV.— BASES. 

Potassa. 
Formula, KHO. Molecular weiglit, 5G. 
Commerce furiiiahea two kinila of potassa: lime 
potassa and alcohol potasaa; tlie first is altogether 
impure, and should be entirely rejected; even the 
second often contains impurities. If the potassa be 
pure, a watery solution, neutralized by hydrochloric 
a«id, should not be aflected by hydrosulphide of 
ammonium ; potassa in contact with the air, espe- 
cially in solution, quickly absorbs CO^ It should 
be preserved in the solid state in a well-stoppered 
bottle. 

Soda. 

Formula, NaHO. Molecular weight, 40. 

What we have said with regard to potassa, applies 

equally to soda. The same test for purity as for 

potassa is required. 

Notwillislauding what is liere said in the text, il is indiapensa- 
hle to keep caustic potassa and soda, always in solution. The 
only real difficulty in doing so consists in this, that finely-ground 
glass -stoppered bottles must be used lo contain them, and that 
strong canstic alkaline solutions act snfficiently rapidly upon 
ground surfaces of glass to cement the stoppers into the bottles, 
even in a few days' lime, so that they cannot be gotten out. 

A ample and complete remedy for this is to thinly coat the 
ground neck of the bottle and the stopper, both being dry and 
warm, with parafRne and hard tallow melted too;etlier in equal 
volumes. 

This 13 not sensibly acted upon: keeps the stopper perfectly 
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ftir-tiglit, and preTenta its sticking fast. Tlie Ijottles used sliould 
be hard German glass or Britisli (bright melal) crown glass; 
and after long standing it is prudent to see if the solutions have 
taken up any allex from the glass, as well as any carbonic acid 
from Ike air. 

Ammonia. 
Formula, NtR Molecular weight, 17. 
Ammonia (a watery solution of the gas) should 
be colorless, and ought to evaporate without leaving 
any residuum ; it is often important to obtain it 
free from carbonate; the test is Hnie-water, tins 
reagent should not occasion any cloudiness. 

Lhne. 
Formula, CaO. Molecular weight, 56. 

Lime-water (solution of the hydrate of calcium) 
is obtained by digesting slaked lime in excess, with 
cold, distilled water, filtering and decanting the 
clear liquid rising to the surface. 

The lime employed should he obtained hy calcining in a por- 
celain tube, with free access of air, and a little water-vapor 
passed through with it, white Carara marble. Few limeslonpg 
are free from magnesia and silica in a soluble state. 

Alumina. 

Formula, Al^C. Molecular weight, 105. 

This combination is employed as a fiux in assays 

by the dry method. The alumina (pipe-clay) of 

commerce is generally sufficiently pure for this 

purpose. 
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Oxide of Lead. 
Formula, PbO. Molecular weight, S23. 
Pure litharge free from minium, tlio- presence of 
which may be known by its reddish color, is em- 
ployed. It is finely powdered and passed through 
a sieve; by this means it is freed from metallic lead 
if it should contain any. It is only employed for 
dry assaying. 

[Dioxide of Lead. 

This sitljstance is useful for ascertainiiig qualitatively the pre- 
sence of small quantities of manganese in iron ores. Tlie dioxide 
of lead is obtained by digesting red lead in dilute nitric acid, 
whicli dissolves the protoxide of lead, and leaves the dioxide in 
the sliape of a deep brown powder. For analytical purposes 
this substance should be free from chloride of lead, ] 

Oxide of Copper. 
Formula, CuO. Molecular weight, 79. 
The hlack or peroxide of copper is employed either 
in a finely granular state, or in powder. It is used 
for the quantitative determination of carbon by 
combustion, and consequently should be free from 
organic matters, from which it is purified by cal- 
cination. 
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v.— ALKALINE SALTS. 

A. — Salts of Potassium. 

Nitrate of Potassium. 
Fomiula, KNO, Molecular weight, 101. 

For analytical use, nitrate of potassium is suffi- 
ciently pure when its solution in distilled water is 
not aft'ected by the addition of a few drops of a 
barytie Bolutioii. Nitre is used in the dry method 
as an oxydant. 

The nitre of commerce, though well crystallized, frequently 
contaiaa sodium, as sulpliates and chlorides of that, and of potas- 
sium. By two crystalliKations, however, it may be rendered 
almost quite pure. 

Sulphate of Potassium. 
Formula, KHSO', Molecular weight, 136. 

The hydrosulphide of ammonium should not oc- 
easion any precipitate when poured into a neutra- 
lized solution of this reagent. The formation of a 
precipitate would indicate the presence of alumina 
or of metallic salts. 

[The formula given above indicates that this suhstance is what 
ia generally known under the name ot acid sulphate of potastium, 
and which is obtained hy eyaporating in a platinum vessel, 
nearly to dryness, a mixture of 1 part in weight of the powdered 
neutral sulphate with i part of oil of vitriol. This acid sulphate 
is a powerful reagent for the disassociation of certain kinds of 
iron ores, holding chromium, alumina, titanic acid, etc., since 
its excess of sulphuric acid is expelled only at a low red heat, ] 
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Carbonate of Potassium, 
Formula, K'CO + SH^O. Molecular weigLt, 174, 

The aqueous solution of this salt should be limpid ; 
neuti-alized by hydrochloric acid it should give no 
precipitate— nor any with the salts of barium (pre- 
sence of sulphate), or the hydro-sulphide of ammo- 
nium (presence of alumina or of metallic salts). The 
solution, neutralized and evaporated to dryness in a 
capsule, should leave a residuum completely soluble 
in water. 

Slack Flux. 

An intimate mixture of carbonate of potassium 
and finely divided charcoal is thus called. It is ob- 
tained by mixing one part of saltpetre and two parts 
of crude tartar (acid tartrate of potassium) ; this 
mixture ia put into an iron vessel, and set fire to by 
an ignited piece of charcoal. After combustion, the 
residue ia pulverized and kept in a dry place. 

Chlorate of Potassium. 

Formula, KCIO'. Molecular weiglit, 123.5, 

The chlorate is tested in the same way as the 

nitrate, with regard to purity. It is obtained in 

commerce of great purity. 

iBichromaU of Pciatnum. 

Formula K C H oUr weight, 995 2, 

This salt is found n tbc trade n red tabular crystals, and is 

oft«n contaminated « I su pi ate of potassium or sulphate of 

calcium. It is emp yed f r 1 e to umetrical analysis of iroii, 

and the presence of he fo „ a pliatca is not olijectlonable 
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if the liquor be staniJardii^ed by metallic iron, etc., and not from 
a given weight of the bichromate of polaaaiuin]. 

Permanganate of Potassium. 

Formula, K^n'O'. Molecular weight, 316. 

This salt \a furnished in commerce in crystals of 

almost perfect purity. It has lorg been designated 

" Mineral Clianieleon." As a general rule the larger 

iind more regular the crystals are, the purer the salt. 

Salphocyanate of Potassium. 
Formula, KONS. Molecular -weight, 97. 
The sulphoeyanate of potassium, generally known 
by the name of sulphocyanuret of potassium, is only 
made use of for the qualitative determination of the 
[ler-salts of iron. For use, dissolve one part of the 
salt in ten to fifteen parts of water. 

[Polatsium Ferricyanide. 
This substance, often called red priiuiate of potash, is em- 
ployed for tlie Tolvimetric determioation of iron by the bichro- 
mate of potassium. It should prudace no precipitate or hlue 
coloration with a ferric salt. It is prepared by slowly passing 
chlorine tlirough a cold sololion of potassium ferrocyanide, until 
the liquor acquires a deep reddish-green color, and ceases to 
precipitate a salt of peroxide of iron]. 

U. — Salts of Sodium. 
Chloride of Sodium. 
Formula, NaCl. Molecular weight, 58.5. 
Chloride of sodium is used in quantitative de- 
termination of sulphur hy dry assay, in order to 
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reduce theinteusity of action of saltpetre, with which 
it ia mixed. It is indispensable, therefore, to have 
it eompletely free from sulphates. The testing for 
this is the same as in the ease of nitrate of potassium, 
viz., hy a barj'tic solution. 

Sulplairet of Sodium. 

Formula, Na'8+ SH'O. Molecalar weight, 340. 

This salt is deliquescent, and decomposes in 
the, air; it should be kept in a well-stoppered 
bottle. It serves for volumetric determinations 
of zinc ; for this purpose the crystallized sul- 
phuret of commerce is of sufficient purity. A 
solution of sulphuret of sodium is prepared as fol- 
lows: Make a lixivium of pure caustic soda, 
divide it into two equal parts, through one of which 
pass hydrosulphuric acid ga.s to saturation, then re- 
unite both parts, adding, if necessary, a little solution 
of caustic soda to remove completely the odor of the 
hydrosulphuric acid, and then filter to obtain a clear 
liquid. 

Nitrate of Sodium. 
Formula, NaNO'. Molecular weiglit, 85. 

This salt may be employed instead of the corre- 
sponding salt of potassium. It should be tested in 
the same manner. It is less energetic than nitre, and 
in commerce much more impure. 

Sulphite of Sodium. 

Formula, Na'SO'+ lORsO. Molecular weiglit, 306, 

The aqueous solution of this reagent should be 

limpid; heated with sulphuric acid to the complete 
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expulsion of the sulphurous anhydride, it ought not 
then to be afl'ected by the hydroaulphide of ammo- 
nium. 

[Tlie solution of the resulting sulphate of sodium, lieated with 
a solution of molybdate of ammonium in nitric acid, should not 
become yellow, as that color will indicate the presence of silica. 

The commercial sulphide of sodium, in the solid form, some- 
times contains carbonate of sodium, wiiich, in nearly neutral 
solutions, may occasion precipitates. It is preferable to employ 
tlie sulphite of sodium with an excess of sulphurous anhydride, 
known under the old name of bisulphite of soda.] 

[HypoiulpMte of Sodium. 

Formuls, Na'S'O' Molecnlsr weiglil, 153, 
This salt is found in the trade in dry, clear, and weli-lonned 
crystals, which should rapidly dissolve in water. The solution 
should not effervesce with acetic acid, and, when acidified, must, 
after a short time, become milky from the separation of sulphur. 
The hyposulphite of sodium is used for the precipitation of 
several metals, and for volumetric analysis. Like the sulphite 
of sodium, it possesses a deoxidizing action, that is to say it 
becomes oxidized itself. ] 

Carbonate of Sodium. 
Formula, Na'CO-l- lOH^O. Molecular weight, 286. 
This combination should comply with the same 
conditions as to purity as the carbonate of potaBsium. 
It is used like the latter for breaking up by fusion, 
mineral bodies insoluble in acids. Instead of using 
either of these salts separately, a mixture of the two 
is to be preferred as being more fusible than either 
alone. The mixture is composed of thirteen parts of 
carbonate of potassium, and ten parts of carbonate of 
sodium, dry, and finely powdered. 
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"We shall designate this mixture as sodio carbonate 
of potassium, 

Metaborate of Sodium {Glass of Borax). 

Formula, Na^Bo'O'. Molecular weiglit, 303. 

This salt is employed aa a flux, in dry assays. 

Commefee famishes it sufficiently pure occasionally, 

but often containing silica, alumina, and iron in 

minute quantity. 

Phosphate of Sodium. 
Formula, Na!HFO»+ 13H=0. Molecular weiglit, 358. 

This should dissolve in water without leaving any 
residue, and the solution ought not to be atFected, 
even whea warm, by ammonia. Por use, dissolve 
one part of the salt in ten parts of water. 

[The phosphate of sodium of commerce ia often efflorescent, 
from tljc presence of carbonate of sodium. It should be purifleii 
by re crystallization. 

The precipitates produced by solutions of the nitrates of silver 
and barium poured into that of pbosphate of sodium, should, 
■without effervescence, redissolve upon addition of dilute nitric 

Acetate of Sodium. 

Formula, C'NaHsQ'+SH'O. Molecular weight, 138. 

The solution of this salt should be limpid, and 

remain so after the addition of oxalate, or hydrosul- 

phide of ammonium. 

Succinate of Sodium. 

Formula, C^ffNaH)' + 6H»0. Molecular w< i^lit, 270. 

Succinate of sodium has the advantage over the 

corresponding salt of ammonium of being found ready 

4* 
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prepared in commerce; nevertheless, the succinate of 
ammonium ia to be preferred, because it does not 
leave any fixed residue. Tests for purity the same 
as for the acetate. 

Nitroprusside of Sodivm. 
Formula, FeNn'(CN)SNO + 3H>0. 
This combination is only used for qualitative 
analysis. The crystallized salt may be had in com- 
merce. It is not much employed, though its reactions 
are numerous and distinctive in some instances. 

C. — Salts of AMMomuM, 

Chloride of Ammonium. 
Formula, NH'Cl. Molecular weight, 53.5. 
Chloride of ammonium, heated on platinum foil 
should evaporate without residue. The solution 
should be colorless, and should give no precipitate 
with the hydrosulphide of ammonium. For use, 
employ five parts of water to one of the salt. The 
sublimed sal ammoniac of commerce is tolerably 
pure, but usually contains a little iron. 

Hydrosulphide of Ammonium. 

Formula, (N"H')HS. Molecular weigbt, 51. 

This is obtained by super-saturating ammonia with 

bydrosulpburic acid gas ; it is generally purchased 

ready prepared. It must be preserved in well-stop- 

jiered bottles, and excluded from the light. 
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Molybdate of Ammonium. 
Formula, (NH»)sMoO'. Molecular weight, 190. 
Thia reagent is employed in solution in nitric acid ; 
one part of molybdie anhydride is dissolved in eight 
parts of ammonia and twenty parts of nitric acid. 
It is filtered, if it be necessary to obtain a clear solu- 
tion. 

[The mixing of tbe ammoniacal solution of molybdie acid 
with nitric acid, is attended with the production of heat, 
which, if not checked by pouring the acid by small quantities at 
a time, or by cooling the Tessel, may cauae the precipitation of a 
part of the molybdie acid. The temperature should not be 
allowed to go over 40o C. = 104° F. 

The nitric solution should be allowed to stand for several days, 
until complete precipitation of any phosplio -molybdate of ammo- 
nium, or of otlier combinations with silicic acid that may be 
present. The clear liquor is separated by docantation, or by 
filtration througli clean asbestos, which has been previously 
washed with, hydrochloric acid.] 

Sesquicarhonate of Ammonium. 
Formula, (HH')'C^O« + 3H"0. Molecular weight, 290. 

The test as to purity is tbe same as that for 
chloride of ammonium. For neutralizing acid fluids 
it is preferable to use this salt in the solid state; as 
a precipitant it should be in solution. One part of 
the salt to four of water should be used ; one part of 
ammonia is added in order to saturate the excess of 
carbonic acid contained in the carbonate of commerce, 
which is the seequicarbonate of ammonium repre- 
sented in the formula. 
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Acetate of Ammonium. 
Formula, C"nHNH')0'. Molecular weight, 77. 
The acetate of ammonium (the test for the purity 
of which is the aame as that for the carbonate) may 
be employed, in preference to the acetate of sodium, 
because it does not contain fixed matters, but its 
high price generally excludes it from industrial 
laboratories. 

Oxalate of Ammonium. 

Formula, C«(NH')!0'+ H"0. Molecular weigtt, U3. 

Test for purity, the same as that for the preceding 

salts. The oxalate ia employed to precipitate lime. 

One part should, for this purpose, be dissolved in 

twenty-four of water. 

Neutral Succinate of Ammonium. 
Formula, C'n>{NH>)'0». Molecular weight, 153. 
The crystallized succinate of ammonium furnished 
by commerce, is the acid succinate, C^H'(Kn*)0' ; 
molecular weight, 135. The neutral succinate is 
prepared when required, by means of succinic acid 
directly, or the acid succinate dissolved in water 
may be saturated with ammonia until it presents 
neutral reaction on litmus paper. 
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VI.— SALTS OF THE ALKALIN"E EARTHS. 
A. — Salts of Barium, 
Chloride of Barium. 
Formula, BaCls + SH^O. Molecular weight, 344. 
This should be completely soluble in water, and 
should not contain any salt precipitable by hydro- 
sulphide of ammonium. It is used in solution with 
ten times its weight of water. 

Nitrate of Barium. 

Formula, BaN^O*. Molecular weight, 361. 
Test for purity the same as that for the chloride. 
The solution is made with fifteen parts of water to 
one of the salt. 

Carbonate of Barium. 
Formula, BaCO'. Molecular weight, 197, 
It 18 necessary to prepare the, carbonate of barium 
in the laboratory, because that had in commerce, 
having been desiccated, will not answer. The prepa- 
ration is as follows: Dissolve chloride of barium in a 
large quantity of warm water, heat the solution, and 
as soon as it commences to boil, pour in gradually a 
solution of carbonate of ammonium or of sodium until 
precipitation takes place, then let the fluid settle, 
protected from dust ; decant the supernatant clear 
liquid, and repeat the washing by decantation with 
warm water until the supernatant liquid gives no 
precipitate with nitrate of silver. The carbonate ot 
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bariiini u again suspetided in as much water as will 
form a cream or pap, and preserved in that state in 
a stoppered bottle. 

[It is very difficult to remoye entirely tlie carbonate of sodium, 
by waaliing, from tlie carbonate of barium. It is preferable to 
mpl th b t f mm ' mf th p "p'tat" After 

th gh w b 1 w d p f hydr hi ri Id ay be 

dd d t th p I t t tl f g m 11 p p on of 

bid fb mwlibbytdgf f d , will 

d po-whtmy flkl cabt \. other 

th gh w 1 g 11 pi h p rat 

Th ]. f Ik 1 b t ti b t fbarium 

is very objectionable, since it may occasion the precipitation of 
substances which are intended to remain in solution in the filtered 
liquor. On tUa account, seyeral chemists prefer employing the 
finely powdered natural carbonate of barium, which, however, is 
open to the objection of being frequently mixed with metallic 
oxides, ] 

Acetate of Barium. 

Formula, CH'^BaO' + 3H'0. Molecular weight, 304. 

This is very easily procured by saturating acetic 

acid with carbonate of barium. It is a reagent of 

very limited use. 

li. — -Salts of Calcium. 
Chloride of Calcium. 
Formula, CaCR MoleculaJ weight, 111. 
Chloride of calcium is only employed in virtue of 
its strong deliquescence as an absorbent of water 
vapor, so it need not be pure. It can be easily pre- 
pared by completely saturating hydrochloric acid 
with white marble chips, and evaporating the solu 
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tioii in a porcelain dish until the mass becomes pasty, 
porous, and dry, or the heat may be raised eo as to 
fuse the salt. It is reduced to fragments, and kept 
in a well-stoppered bottle. The merely dried salt is 
preferable to that which has been fused, since the 
latter always contains a little lime arising from de- 
composition of some of the chloride by the combined 
action of heat and water; besides, the porosity oi 
tlie dried chloride gives it an absorbent power much 
superior to that of the fused chloride, 

Carbonate of Calcium. 

Formula, CaCO', Molecular weight, 100. 

This reagent is employed for the quuntitativo 

determination of iron by dry assay. We shall treat 

of it under that head. 



C. — Salt op MAfiSEsruM. 
Sulphate of Magnesimti. 
Pormula, Mg80» + TH'O. Molecular weight, 346. 
Tor use it is indispensable that this solution, mixed 
with one of chloride of ammonium, be not affected 
either by ammonia or by its oxalate, nor by hydro- 
sulphide of ammonium, even after an hour's repose. 
This salt serves to precipitate phosphoric acid. For 
this purpose prepare a solution of one part of crys- 
tallized sulphate of magnesium and one part ot 
chloride of ammonium in eight parts of water ; add 
four parts of ammonia, let it rest for some days, and 
then filter. 
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VII.— METALLIC SALTS. 

Nitrate of Silver. 
Formula, AgNO>. Molecular weight, 170. 
The commercial salt sold for photographers' use is 
very pure : one part should be dissolved in twenty 
parts of water, and the solution preserved from the 
fumes of the laboratory and from light- 
It has been known for a considerable time that tlie blackening 
of nitrate of silver, or i(a solutions, by light depends upon the 
presence of organic matter, including in that the dust ordinarily 
floating in the air. If the solution be made with distilled water, 
free from organic matter, and the nitrate of silver solution bottle 
be kept in a tin plate or wood case, and washed, rather than 
wiped with a cloth, estemally, there will be but little of that 
hlackeuing so generally and disagreeably found about the mouth, 

Chloride of Nickel. 

Formula, NiCl' + SHK). Molecular weight, 391.7. 

The crystallized chloride of nickel of commerce is 

pure enough for the purpose for which this reagent 

is intended. It is used in solution in water. 

Chloride of Copper. 
Formula, CuCl'. Molecular weight, 134.5. 
This reagent is employed in solution prepared 
either by dissolving in water the crystallized salt, or 
by the direct solution of copper in aqua regia con- 
taining an excess of hydrochloric acid, evaporating 
the solution to dryness, and treating the dry mass 
with water. 
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Sulphate of Copper. 
rormula, CiiSO' + 511^0. Molecular weiglit, 349.5. 
The Bait of commerce purified by recrystallization 
will answer. 

l_ Acetate of Copper. 

FormuU, C'H«CnO* = Cu2(C5H"CW). MolMular weight, 181.5, 

This salt la prepared by disBolving ^erdigria in hot acetic acid, 
and leaving the filtered solution to cool. It forms dark-green 
crystals, soluble in water and alcohol. 

It is employed for the purification of precipitates of sulphate 
of barium, which has & great tendency to carry with it nitrates 
and chlorides present in the liquors. 

The solution is prepared by dissolving the crystallized acetate 
of copper in hot water, with a little acetic acid and two drops of 
sulphuric acid, and then adding afew drops of chloride of barium, 
enough to give a slight barium reaction. Boil a short time and 
filter. By cooling, crystals are deposited, and the supernatant 
saturated solution is employed.] 

Nitrate of Lead. 
Formula, PbN^O'. Molecular weight, 3S1. 
N^itrate of lead can bo had in commerce of purity 
eufficing for our purpose., 

Acetate of Lead. 

Formula, CipbH'0» + 3H'0, Molecular weight, 379. 

The remarks as to nitrate of lead apply here. 

Chloride of Mercury. 

Formula, HgCl'. Molecular weight, 371. 

The sublimed chloride of mercury known as 

"Corrosive Subimiate" is used. This salt is a very 

violent poison. 
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Chloride of Tin. 
Tormula, Stt«Cl'+ 4H'!0. Molecular weight, 450. 

The commercial crystallized chloride of tin ia used. 
It is di^olved in water acidulated with hydroehloi-ic 
acid. A solution of this chloride may also be pre- 
pared by dissolving grain tin in hydrochloric acid, 
with heat. 

Frotosulpkate of Manganese. 

Formula, Mn'SK)* + 811=0. Molecular weight, 446. 

The solution of this reagent in water, acidulated 

with sulphuric acid, should be clear and colorless, and 

should not decolorate permanganate of potassium. 

Perehloride of Iron. 
Pormula, Fe^Ol^. Molecular weight, 335. 
To obtain a solution of this reagent we should treat 
metallic iron with hydrochloric acid, diluted with its 
own volume of water, taking care that the iron 
should be in exc^a: filter and para a current of 
chlorine into the liquid until it is saturated; then 
boil in order to get rid of the excess of chlorine. Or 
hydrated peroxide of iron precipitated by ammonia 
may be dissolved in hydrochloric acid. 

[Instead of the troublesome preparation of chlorine, a few 
drops of bromine may be employed, and the aolation boiled. 
The peroxidizadon of the iron may also be effected with chlorate 
of potassium and sufficient hydrochloric acid to entirely decom- 
pose the chlorate, nad the solution evaporated to diyneaa,] 
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Sulphate of Iron and Ammonium, 
Formula, Fe<NH')2S20« + 6HK), Molecular weight, 393. 
This salt is seldom to be had pure in commerce; it 
is best to prepare it when required. Take two equal 
portions of dilute sulphuric acid, neutralize one with 
ammonia or the carbonate of ammoniumj then add 
some drops of the acid until it reddens Hfcmue paper; 
heat the other portion with iron free from manga- 
nese, until gas has completely ceased to come oft", 
leaving the metal in excess. Filter both liquors 
while warm, then pour them together and leave them 
to crystallize. Decant the mother liquor, and then 
■wash the crystals in a little cold water, and let them 
dry in the air between sheets of filtering paper. The 
solution of this double sulphate should he limpid, 
and should not turn red immediately oii the addition 
of sulphocjanate of potassium. 

[Tliia double salt, wlien pure, cmitaiiis ex.ictly one-seYenlli of 
its weight of metallic irou ] 



Vlir.— TEST PAPERS. 
Mue Litmus Paper. 
Digest one part of commercial litmus in six parts 
of water. Filter the deep blue liquid and divide it 
into two equal parts; into one, drop carefully some 
very dilute sulphuric acid, until the blue color begins 
to show a tinge of red ; unite the two parts in a 
sufficiently large capsule or deep plate, and dip in 
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Bome sheets of unsized paper; dry the sheets where 
no acid vapor can reach them; cut them into small 
strips, and preserve them in a wide-mouthed stop- 
pered bottle. 

lied Litmus Paper. 

This is prepared by reddening blue litmus solution 

used for the blue paper, by adding some drops of very 

dilute Bulphurie acid and soaking the strips of paper 

in that liquid, and then drying. 

Salt of Lead Paper. 

This test paper is only used in the volumetric 

analysis of zinc by sulphide of sodium. The paper 

employed is glazed, cream-laid note-paper, or that 

used for visiting cards. 

Remark. — Before concluding this Part, a general 
remark may be made on the most advantageous 
manner of employing the reagents just described, 
especially those which are used in solution. It is 
well to know the standard or value of dissolved 
matter in all such solutions, and our advice is to 
inscribe on the different test-bottles labels similar to 
that we give as an illustration with respect to chloride 
of barium. 

(One) Cent, cubic (contains):— 
0*''.10 chloride barium cryst* (BaCP + 2H=0) 
(corresponding to) O^^OISI of sulphur. 
« 0^^0328 of SO. 
The words in brackets may be omitted as being im- 
plied. 
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III this way, and with a little practice, we avoid 
employing too large proportions of reagents, an excess 
of which is often far more injurious in the subsequent 
steps of analysis than is to be inferred from the 
mere waste of material. 

Test bottles and their labels are a source of trouble in all 
laboratories, but the amount may be lessened by a few judicious 
arrangements often not known or not attended to. 

The glass -stoppered bottles themselves require to be well chosen 
— the necks not too narrow, aaid with sufficiently wide, thin, and 
well-turned lips, to enable tie solutions to be dropped or poured 
in a fine stream at pleasure ; steady dropping is impossible with 
thick, lumpy, ill-rounded lips. The stoppers, though ground 
finely, so as to be air-tight, should not kave an insufficient taper 
(the fault of all Frenci bottles), for if so tbey get set fast, and 
the bottle often must be destroyed to extract them. No stopper, 
if properly tapered and well ground, need be more than one 
diameter in length; excessive length is the great objection to 
French stoppers. The flat-topped (round or octagonal) glass 
stoppers so common on German bottles are, on the whole, the 
best for solutions. Tliey admit of more force to extract tUem 
when set fast, than the common vertical and compressed form of 
stopper. They protect the lip a little from dust, but they are less 
easy to wasli or wipe quite clean, and when chipped anywhere 
at tbe edge are dangerous to the hands. Bottles holding rather 
less than a pint, and of not too thick glass, are the pleasautest in 
use, with stone bottles of larger size. In testing, glass stoppers 
taken out should not be laid upon the table, but upon a plate of 
glass or porcelain to preserve their purity. Glass cases for test 
bottles are always more or less troublesome, but their use is, after 
all, desirable, especially in laboratories established in the dusty 
precincts of iron works or manufactories, to prevent lodgment on 
the lips, etc., of the bottles. The fronts of glass cases for tliis 
purpose are best made to slide in grooves, or balanced to throw 
np towards the ceiling ; when hinged as doors they are liable to 
come in contact with vessels or apparatus. 

The labelling of test bottles, and of indeed all bottles in the 
laboratory, is a matter also in wliicli a little forecast avoids much 
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occasional trouble and wasted lime in rediscovering tiie contents 
of bottles witli labels fallen off or obliterated by add fumea, etc. 
For large store bottles, the labels arc best etched or written with 
a scratch diamond direct upon the glasa ; and for the test acid 
bottles this may be employed, but unless the marking be very 
strong it is difficult to see, except in certain lights. For all other 
test solutions, paper labels are best. Tliese should be written 
with good black common ink, mised with some ground Indian 
ink, which as regardsacid ftimeHis practically indelible; or, so far 
as they can be procured, the printed labels for reagents now sold 
may be used. Gum or dextrine, as commonly used for causing 
the paper to adhere to the glass, is objectionable. Damp or 
laboratory vapors soon decompose these, so that tie labels drop 
off. A species of isinglass glue is sold very commonly in France, 
and also to be had in London, known as "■ coUe foTte afrotd," 
which is the best substance the editor has found for this use. 
Varnishing the outer surface of the label has been occasionally 
practised, but is objectionable, as in wiping the bottles the 
Tarnished surEnce is scratched, and dirt then collects upon and 
defaces the labels. If varnished, Canada balsam in thin solution 
is perhaps the best. The so-called enamel-labellcd reagent bottles 
sold by chemical apparatus dealers are objectionable ; the labels 
are too large, and obscure the state of the interior of the bottle, 
BO that accurate pouring is less easy, from not seeing the whole 
surface of the solution, etc. 
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APPARATUS AND OPERATIONS. 

A PBWBUggeationsmayliere be offered witli advantage as to the 
general arrangement of an analytical laboratory, more especially 
in ironworks and other manufactories. A. laboratory is decidedly 
best placed one story, or at least some feet, above the ground 
Jevel ; directly on the ground, the damp is always objectionable, 
and tlie fioor cold and rheumatic for the feet and legs. The whole 
floor is best on brick archea, hut the place alwut the aualytical 
tables, wher* the operator chiefly remains, should be boarded, 
and that covered in winter with a strip of cocoa-nut matting. 
Few people realize how much the activity of the mind, upon 
which rapid and sure chemical progress is so much dependent, 
1b interfered with by constant, though perhaps unheeded, bodily 
ctiscomfurt. The main light except in hot climates, is best 
derived from a large top light, wliich may be made to open upon 
exceptional occasions, but the ventilation should be otherwise 
arranged, for dust, especially in manufactories, should he care- 
fully excluded. 

There should be, however, at least one good window or side 
light, because, amongst other reasnui, teat lubes, etc., must often 
be held between the eye and the light to judge of color, etc. In 
laboratories (as for students) where thei"e are a large number of 
operators, it is usual and necessary to place the working tables 
about the middle of the room, where the light is not so good ; 
but when there is ouly an analyst and a few assistants, we much 
prefer the working tables to be close against tlie side light. The 
windows, if more than one, should be all at one side ; cross lights 
are bad. 

The north aspect, if obtainable, is Ihe beat for the windows: a 
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glaring sunsliine coming into the room, often succeeded by gloom 
in our English climate, interferes with perfect vision. 

A room of about SO feet by 35 feet, and 15 or 16 feet high, is 
largo enough for much work. Three smaller rooms are beat 
attached to it— viz., a store-room, for apparatus and reagents; a 
balance room, and a writing raom, which shall also contain some 
few volumes of standard works of reference on chemistry, etc. 
These rooms are best at the entrance end of the laboratory proper, 
and tiie approach to the whole should be through a small corridor 
and ante-chamber, where coats and hats cau be laid aside. This, 
especially in factories, should have double doors to exclude dust 
and draughts as far as possible. Fuel, fire-wood, coarse labora- 
tory stoTeg, carboys of acid, distilled water, etc., should have 
one of the arched rooms beneath appropriated to them. 

Another should be devoted to the preparation of certain reagents 
to be hereafter referred to ; and from a third the fresh air for 
ventilation of the lahoratflry should be taken off. The external 

air ab-QUld be brought in, sifted from duBt, through a large sheet 

of copper wire gauze (brushed occasionally), and thence conducted 
up through flues of about 15" X 1" in the arched floor and walls 
of the laboratory, to six or more apertnres, discharging through 
regulating ventilators into the room at about midheight between 
floor and ceiling, or, if desired, still higher. 

In rigorous climates means should be provided for warming the 
supply of fresh air in the lower apartment by a coil of hot water 
or steam pipes. 

The entrance to the laboratory being at the west end, and the 
northern windows thus as we enter on tlie left hand, the further 
end will be the best place for the furnaces, the floor for some sis 
feet wide in front of these being tiled or bricked. Prominent 
amongst the furnaces sliould be the flat sand-bath, which also 
gives the means ordinarily of wanning the room. An iron hood 
should extend over all the furnaces, and for the space of the sand- 
bath and the iron plates around it, should be formed into a glazed- 
in chamber ; the wall here being lined with glazed white tiles, 
andamovableshelf or two of thick plate glass (nine inches wide) 
projecting from the face, and resting on pottery or glass brackets. 
These are very useful for laying aside slowly-precipitating solu- 
tions, etc., requiring some hours' repose in a warm place. 

Also a good and capacious drying -closet or oven beneath the 
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sand-ljath is very useful. Tlie glazed iron fronts of sand-balh 
chambers such, as these, are commonly hung like window sashes, 
with balance weights to throw up and down, hut this plan never 
'works smoothly or well. It is much better ttiat the front condst 
of two or three panes of thinnish sheet glasa loosely secured by 
pins into rectangular wrought-iron frames, of a light sort, hinged 
at top, and balanced so as to throw up towards the ceiling, moving 
radially round the lop edge. Being balanced, any one of these 
remains up until pulled down and latched by a catch at the bottom 
edge. The writer has experienced the comfort of this arrange- 
ment in the place of the usual ones, in which the glass gets con- 
tinvslly broken, by jamming of the iron sashes, by expansion, 
etc., or by unequal heating of Hie glass plates. 

About 6 or 7 feet by 3 feet will be occupied by this sand-bath 
furnace ; and where practicable it is best that the fire-place, or 
small stoke-hole of it, should open (through the wall of the 
laboratory) in an external shed, so that the fire can he lighted 
and kept up by an attendant from the outside, and so the dust, 
etc., of a fire fed from within the room be avoided. 

The draught from the sand-bath fire may be conducted through 
a wrought-iron tnhe for some 15 feet or so in height, the tube 
being placed within a pretty capacious brick flue formed in the 
wall. This flue is kept sufficiently heated thus, so tliat the ah 
from the laboratory, close to the ceiling level, being conducted 
into it, by means of sis or more ventilating apertures in the walls 
(intermediate to tliose for introduction of fresh air), a good ont- 
draught shall be secured, and so ventilation kept up without 
opening doors or windows, the drauglits from which derange the 
gas flames on the tables, aad introduce dust, etc. 

The northeast corner beneath the hood should he occupied by 
a stout wrought-iron plate or table about 5 or 6 feel long by 3 feet 
wide, at the same level as the sand-bath plates. This Is very 
useful for combustions, for small furnace operations, etc., the 
wall being here provided with several apertures leading into one 
or more flues. Next to it, southward, stands the sand-tmtb, and 
further south, beyond it, the other furnaces. The iron table is 
best with a glazed front to throw up like that of the saud-hatJi, 
so that protracted gas evaporations, etc., can be conducted within 
it without annoyance, hence coal gas should be laid on here as 
well as to the tables. 
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The other furnaces usually needed are — a muffle furnace, hotli 
for assay by cupellaliou, and for scorifying ores, etc. ; one, or 
perhaps more, assay melting furnaces, for which no better model 
caa be bad than tbat of tbose babitually in use In Cornwall : and 
a good wind meldng furnace, capable of melting wrought iron, 
and large enough to receive a crucible of G inches diameter. A 
chimney of 40 feet high ■will give sufficient draught: but in 
factories, when possible, the laboratory furnace flues are led away 
to some neighboring lofty stack. 

At about the centre of the sontli side, a pretty capacious 
aperture through the wall should be occupied by a gas reaction 
chamber. The bottom or table of this should be about 3^ feet 
from the floor, light admitted by the exterior surface of the 
chamber being close glazed, and the chamber cut off from the 
room internally, by a glazed, well-fitted sliding door. None of 
the woodwork of this or of the laboratory generally should be 
painted, but only varnished. A ventilating tube should lead out 
of tills gas chamber to the out-draught ventilating flue, and an 
in-draught tube from the fresh-air flues. 

In a well-provided laboratory a store of two at least, if not 
three, of the great gaseous reactives, viz., sulphuretted hydrogen, 
chlorine, and carbonic anhydride, should be maintained in the 
lower room already referred to. These gases are generated in 
large apparatus on the principle of Doberelner'a, already described 
in the text, in which a few cubic feet of gas can always be kept 
vinder the pressure of two or three feet of liquid. From these the 
gases should be conducted up in distinctively colored leaden, 
glass, or gutta-percha tubes, to the gas chamber, and there pro- 
vided each with a stop-cook, and each witli half-a-dozen small 
India-rubber nozzle tubes, to wliicli the glass tubes for immersion 
in the solution to be acted on can be attached. This storage of 
reactiTe gases saves a vast amount of time, and with the thus- 
constructed gas chamber saves stenches in the laboratory and 
injury to health. 

A supply of water, ample and unfailing, must be provided, and 
this should command a height of a few feel above the level of the 
ceiling, in order to admit of what may be thought a luxury, but 
which is in fact one of the most valuable adjuncts that can exist 
in a laboratory, viz., an instrument of the nature of the Tromba, 
or water blast, which affords at all times a powerful blast of 
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atmosplieric air — eitlier for small furnaces, or gas or other large 
blow-pipes, and of exhaustions analogous to that of the Spreagel 
air-pump. This, as constructed at the Physical Lahoratory of 
the College de France, at Paria, by M. jamin, consists of a 
cylindrical copper vessel of about 34 inches long by 10 inches 
diameter, with its axis horizontal, placed above the laboratory 
ceiling (in the roof or apartment above) ; into this, water from 
the supjjly is introduced through a pipe (1^ inch diameter), with 
a stopcock for regulation ; from the lower side of the cylinder, 
tliree or four pipes, each about J inch diameter, descend to the 
level of tlie ground below the laboratory. Each of these has two 
smaller air-pipes soldered mto it, issuing from two horizontal 
tubes, a a, close to the cylmder above the water level therein, 
and branched into the descendmg water-pipes close beneath the 



Fig A 




cylinder, as shown in Fig. A. By these air Is constantly drawn 
in, through a a (these tubes join into one) and passed down with 
t^e descending current of water in the tubes c. 

At the lower end, the tubes e pass into a copper cylindrical 
■vessel with open bottom, inverted into a small cistern of water, 
llie twobfingmucli like Ihearrangement of a gasometer (Fig. B). 
II. this the drawn-down air under the pressure due to the 
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descendiDg column, and lo the depth of water in the bottom 
cistern, is separated from tlie water, tlie latter running off to 
waste. 




3^ 



A pipe (e, Fig. B) is led from the top of the copper air Tessei 
at Ijottom up to the laboratory ; and it is only necessary lo open 
the stopcock thereon to haye at once a steady, powerful hlast, 
which may he regulated at will. The possession of such a blast 
enables work to be done with gas burners or gas furnaces that 
would scarcely be credited by those who have only employed 
that of table bellows. With the form of bent gas blowpipe, 
mnch used in Birmingham for brazing and soldering, etc., which 
is held in the baud and supplied with air and gas by fiexible 
lubes, a powerflil blowpipe bnisli of flame can be thrown in any 
direction ; and, fusions with alkalies, etc., of minerals, may be 
effected in a, few minutes in platinum crucibles, with ease and 
cleanliness. For glass-blowing also, this beautifully steady blast. 
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which leaves the bodily movements of tte operator free from 
working bellowa, etc., la invaluable. 

Conversely, means being provided at the top cylinder (Fig. A) 
for putting the air apertures, a a, all uniting in the tube 6, into 
connection with a pipe leading up for some part of the laboratory, 
it is obvious that exhaustion or aspiration is effected, with any 
degree of power up to that of tbe descending head of water. The 
main aspirator pipe in the laboratory is fiuiiished with, several 
branches and stopcocks, which are brought to the tables reserved 
for filtration, and give the means, by the method of Bunsen, of 
greatly expediting these tedious operations. At the same time, 
the degree of exhaustion at its full amount is sufficient to maintain 
a moderate partial vacuum beneath large bell glasses, with 
sulphuric acid dishes included, for desiccation or evaporation at 
atmospheric temperature. 

In a laboratory situated in a factory, a constant supply of steam 
from some adjacent steam-boiler is of great value, and gives fhe 
means of heating a drying-closet for filters, etc., which may then 
be all of glass and wood, or, if desired, of warming the laboratory 
itself. Thus, with plenty of water, coal gas, for heat and light, 
steam, air-blast, vacuum, and reactive gases— -all to be had by 
turning a cock — time becomes economized to the highest degree. 

With steam, too, boiling water for wasiiing purposes can he had, 
as well aa cold water for the washing sinlt. This last should he 
capacious, but of strong glazed white pottery, and with a lead- 
covered and slightly-inclined table adjacent, to lay soiled and 
cleansed glasses, etc., upon. The main sink is best placed at the 
north side of the entrance door, in entrance end of the laboratory, 
the wall at the other side of the door being occupied by presses 
for reagents, preparations, etc. The table blowpipe, ond appa- 
ratus for gas heating, may occupy the south side to the east of the 
gas reaction chamber j and at the other side of that an air-pump, 
which is best on Deleuil's construction, where furnace or other 
gases are to he examined. This is also the place for the. 
pneumatic troughs 

The general illumination of the room artifinially, is best effected 
by Argand shaded bumera. suspended over iiead from the middle 
of the ceiling. For night-work, a gas-light is also needed at 
6 
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each, working table ; but chemical operations (like those of tlie 
painter) are badly conducted unless by day-light. 

The reactive bottles in constant request are in student labora- 
tories generally placed on shelves elevated from the centre of the 
table ; but that is a bad arrangement for analytical work, and we 
prefer that they aliould rest on narrow shelves occupying the 
piers between the northern windows, and so be close to the 
operator's left, leaving Lis tables quite free. Three northern 
windows aflbrd spaces for three working tables, and four piers 
for shelves for reagents. There should be a small white pottery 
sink at the southendofeachof these tables, close at the operator's 
right hand, his reagents being on his left hand, and his table and 
work before him. Thus the three tables afford space for an 
analyst and two assistants. In a very extensive analytical indus- 
trial laboratory, perhaps a distinct room for volumetric assays 
might be advisable. We have, however, sketched the arrange- 
ments for a first-class analytical laboratory for general industrial 
uses, and to which there may be many different degrees of 
approach. 

The arrangements may also need to be sometimes, though 
rarely, somewhat modified to meet the special requirements of 
some particular trades — as, for example, those dealing with oils 
or soaps, etc. But we are here to keep in view principally the 
analytical laboratory for metallurgic uses, and especially those 
related to iron manufacture. 

Upon one Uiing capitalists and propiielors of large ironworks 
may rely — namely, that make-shift laboratories, tike make-shift 
tools and machinery generally, are the most expensive in the end. 

If it be worth while to take aid from chemical science at all, it 
is cheapest and best done by providing a competent analyst, with 
the best and most convenient instmments and apparatus that 
money can procure. It is evident, however, in most instances, 
in Great Britain at least, that this view is as yet not acted on. 

[If metallic hoods are desired, we prefer, from experience, those 
of sheet zinc to those of iron, provided, however, that the fiame 
of a muffle fnruace is not made to act upon the zinc. 

Wooden hoods plastered one inch thick, inside and outside, 
with plaster of Paris, are quite satisfactory. The plaster is held 
to the wood by studding the latter with a sufficient quantity of 
iron nails. The coat, when dry, is rendered impervious by 
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smearing it aeyeral limes with boiled linseed-oil. Some persona 
use simply a wliite-wasliing of slaked lime in wliey. Sucb 
hoods should not be too near tho fire. 

In a similar manner, the tables for combustions and small 
furnace operations, may be of wood with a cover of tightly-fitting 
bricks, well cemented.] 



balances. 
An analytical balance should be sensible to less 
than a milligramme. It ought to be well preaerved 
from the fumes of the laboratory and from dust ; a 
special place or room should be set apart for it, and 
it should be inclosed in a glass case. In order to 

Fig 5 




avoid the oxidizing action ot moist air, an absorbent 
substance ought to be placed inside the ease ; the 
arrangement which we consider desirable is repre- 
sented in Fig. 5. A funnel a, containing pieces of 
chloride of calcium, rests in the neck of a bottle, b ; 
as the chloride attracts the atmospheric water, the 
concentrated solution which is formed flows into the 
bottle, still leaving the surface of the salt exposed. 
After some time we can take out the liquid, re- 
obtain the dry chloride of calcium by evaporation, 
and replace it in the funnel. 
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A. hillow light wooden trav partly filled ^jth atn ut half a 
pDunl ol drj unslaked limp in small fragments is in tlie 
editor 3 judgment greatly to be preteired to the cliloi calcium 
apparatus of the text If the latter be once upset and spilled in 
the balance case the balance itself becomes soon coirDded or 
useless 

Dr* lime is sufflcientlv hygroscopic and il spilled does no 
barm A tray equal in Iciiijth t > the ^lass case ind not more 
tliau 3 mcheswide byl^ inches deep and suppoitedon two little 
wood slips close up to the top of the glass case, and behind the 
beam, has been adopted with convenience by the writer. 

It is moat important to avoid rough or careless 
handling of the balance, to remember never to place 
weights or any substance whatever on the pan or 
plate, until tbe apparatus be properly adjusted. 
Balances which have an arrangement to snpport the 
beam off the knife edges, and relieve it of the plates 
or pans, when not in use, are very desirable ; objects 
can then be left upon them, and oscillations which 
interfere with weighing are thus avoided. There 
are balances in which the beam, or at least one of its 
arms, has a decimal division, intended to mark the 
position of the small fixed weights called "riders," 
which act on the principle of the steelyard. The 
use of the "rider" is much more convenient and 
exact, than that of the weights of one, two, and five 
milligrammes. 

Weights. 
It is important to ascertain the accuracy of the 
weights provided. If the system of weights be 
exact, each single weight tried, with a just and 
sensitive balance, should balance exactly its value in 
subdivisions or smaller weights. 
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Weiffkinff. 

We should never weigh an object while warm; in 
that case a current of ascending air is produced which 
will make the object appear lighter than it really ia. 

We should also avoid weighing objects whose 
temperature is much lower than that of the air of 
the balance-room ; in this case a current of descending 
air is produced, and also vapor of water may condenae 
on the object, and these united causes will increase 
the apparent weight. 

In order that bodies may attain the suitable 
temperature without absorbing moisture from the 
air, we should place them in a drying bell-glass. 
This apparatus is simply a vessel containing some 
chloride of calcium or sulphuric acid intended to 
absorb the moisture. 

To weigh a precipitate that cannot be calcined, we 
must. collect it on a previously weighed iiiter, anddry 
it at a temperature of 100° Cent. Choose a filter of 
fit size and well washed, place it in a stove heated 
to 100°, and with it two watch-glasses of the same 
diameter which fit exactly over each other. When 
the drying process is completed, we place the filter 
between the two glasses, fastening them together 
with a slender brass clip, which has also been placed 
in the stove. The whole is left to cool in the desic- 
cating bell-glasa, and then weighed. When the 
filtering has been accomplished and the precipitate 
well washed, heat it to 100°, first in the funnel and 
then on one of the watch-glasses. After complete 
desiccation, a-pply the second glass, and fasten both 
6* 
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together with a clip. "When all has hoen again 
cooled in the drying bell, weigh again, the difference 
in weight is the weight of the precipitate. 

Weighing precipitates upon the filter sliould never be done, 
unless through absolute necessity. Whenever practicable, it is 
best to redissolve a precipitate so circumstanced again, and get 
it into some stable form that can admit of being desiccated, or 
even calcined, in a porcelain or platinum capsule, and weighed 
therein. Where weighing with the filter cannot be avoided, a 
verD thin short test tube of about eight-tentha of aa inch diameter, 
with a very light, well-fitting cork, is a lighter and better guard 
from hygroscopic change than double watch-glaases. The filter, 
loosely folded, is easily pushed in and taken out. 

Most precipitates are weighed after calcination. 
This operation demands certain precautions, some 
general, and some depending on the nature of the 
combination. A precipitate is never calcined until 
dried. The calcination is generally performed in a 
mufle; the matter to be calcined is first placed in 
front of the muflle until the filter be carbonised, then 
it is placed in the muffle and heated to redness. Care 
should be taken to raise the temperature gradually, 
if the precipitate be such aa will give off gas under 
the influence of heat, such aa the oxalate of calcium, 
and the biphosphate of ammonium and magnesium. 
When the precipitate is easily reduced (sulphate of 
lead, carbonate of zinc), it ia necessary to separate 
the matter from the filter as much as possible, and 
to calcine each separately. 

Calcination is generally performed in small plati- 
num or porcelain capsules; the latter are only used 
when the nature of the precipitate will not permit it 
to be heated in contact with platinum. 
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Having weighed the calcined precipitate, we muat 
not forget to abstract from the weight found — that 
furnished by the aahes of the filter, determined by 
previous investigations. We may allow that filters 
of the same size, made of the same paper, will always 
leave the same weight of ashes when care has been 
taken to wash them with dilute hydrochloric acid ; 
without this last precaution the paper produces a 
larger quantity of ashes after t^e filtration of an 
alkaline or neutral fluid than after an acid one. It 
is important to provide a number of filters, cut by a 
pattern, of three or tour different sizes, to steep them 
for ten minutes in -pure hydrochloric acid, diluted 
with double its volume of water, then to replace this 
liquid with pure water as often as necessary — that 
is, until every trace of the acid has disappeared, 
which is ascertained by nitrate of silver. After the 
desiccation of the filters, we should burn a certain 
number of each size, and weighing the ashes, ascertain 
the quantity of fixed matter contained in each, and 
keep a note of it, as a constant. 

Among all the dift'erent ways of weighing there is 
one which we must describe. It is used for ascer- 
taining quantities with great accuracy. Take a tube 
from three to five millimetres in interior diEimeter, 
and from 15 to 20 centimetres long. Close this at 
one end, then weigh it, fill it nearly with the sub- 
stance to be analyzed, and weigh again. We know 
very closely the quantity of substance contained in 
the tube by subatracting the difference. We can 
then pour into the vessels prepared to receive it small 
portions of the substance in the tube, taking care to 
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weigh the tube every time, so that by a soi-ie^ of 
Bubetractiona we ascertain the successive quantities 
introduced into each veaaei. This method ia also 
employed when the substance has to be introduced 
dry into an apparatus with a narrow mouth; for 
instance, into a little phial, or tube with a ball. In 
this case we sbouM introduce into the weighing-tube 
only the quantity required. 

If we are oblig^ to make several experiments for 
the complete analysis of a substance, we may reduce 
the number of weighings by dissolving a large 
quantity at once (10 grammes, for instance), diluting 
the solution thus obtained (having separated the in- 
soluble residuum by filtration) with a known volume 
(500 or 1000 cubic cent.), and performing the opera- 
tions with fractions {e.g. 50 or 100 c. c.) of the liquid 
measured oft'. 

The method of "double woighing," ao important in cases 
demanding scrupuloua exactnoss, is not referred to by tlie 
authors, nor indeed many other mafters — as to the const ruction 
and manipulation of analytical halancca — of importance to he 
known. For these the works on Analyaia of Rose and Prese- 
nina. Watt's "Dictionary of Chemistry" (article, Balance), and 
the "Traitfi de Physique" of Jamin, should be studied. 

The matter to be weighed is best always placed in the pan to 
the left of the operator, and the weights in that next his right 
hand. In making note of the weight ascertained, always do so 
before remoying the weights from the pan : trust nothing to 
memory. 

A good analytical laboratory requires at least two sizes of fine 
or exact balances (none are better than those made by Oerlling, 
of London), one capable of weighing up to 500 grammes, or even 
a kilogramme, the other to about ,50 grammes ; with two larger 
beams (or German table weigh-bridges) for larger quantilifs 
needing little exactneas, British grain weights are really just as 
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couvenieot as grammes, but the whim of fashion with chemists 
now is for French weights and measures, the use of which some- 
times simply is to produce an immense amount of trouble iu 
comparing late with older works, etc. 

Apparatus for the measurement of Liquids. 

We should not neglect to test Buch apparatus, 
which are often constructed carelessly. There is 
occasion to distinguish gauged apparatus, which only 
serve to measure one certain volume or its sub- 
divisions of liquid, and simply graduated apparatus, 
which will measure any volume whatsoever. The 
only gauged apparatus required Iq an industrial 
laboratory are flasks and tubes ; they may be gauged 
in two ways — either by filling or by emptying; in 
the first case, they should contain, when filled to the 
mark, a volume of liquid equal to that indicated; in 
the second case, they should produce, by emptying 
the liquid which has been poured in up to the mark, 
the volume indicated there; the difl'erenee is the 
amount of liquid adliering to the sides. There are 
vessels with two marks, one lower, corresponding to 
gauging by filling; the other higher, corresponding 
to gauging by emptying. The apparatus with the 
two marks are certainly to be preferred. 

The graduated apparatus employed are jars, cylin- 
ders, or tubes (usually called burettes). The most 
simple and convenient are burrettes oL pince — that is 
to say, graduated tubes with a narrow neck at bottom 
and an India-rubber short tube, capable of being 
closed instantly, by a spring clip of wire. 

They should always be graduated by emptying. 
The control of the graduation of all these vessels is 
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by weight. We must determine the weight of the 
quantity of water at 16° Cent., which the space 
between two marke contains, and that of the quan- 
tity of water which will exactly fill the apparatus. 
Knowing this weight, we can easily tell the weight 
of the volume, remembering that a litre of distilled 
water at 16" Cent weighs 999 grammes. 

The advance in the manufacture of chemical apparatus of iate 
years is such that graduated or gauged vessels, and measures of 
glass, can always be bonght much bettor (lian they can be made 
by the chemist. From the very fact, however, that these are 
manufactured wliolesaie, they are not always constantly reliable 
as to correctness ; aud hence tliose to be employed constantly and 
for important purposes should be, in the first instance, carefully 
verifiedby weighings of Iheir assumed contents, and the constants 
of error, if any, found and registered. 

Filtering. 
This is one of the moat frequent operations ; it is 
often long and wearisome, and endeavors to diminish 
its duration have, tlierefore, been attempted. The 
rapidity with which a liquid filters depends, all 
circumstances being the same, on the difterence of 
pressure exerted on each side of the filtering paper. 
It is evident, then, that filtration can be hastened or 
retarded by increasing or diminishing this difference 
— i. e., by acting upon either side of the filter. It 
would be diflSeult to increase the pressure on the 
upper side, but it can easily be diminished on the 
lower side. For this purpose the funnel should be 
-attached to a matrass or bottle by means of a caout- 
chouc cork, furnished also with a bent glass tube. 
This tube, with the aid of an India-rubber tube, 
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coniiectB tlio niatrafls with an air-p«mp. If the 
preeaure be more than very slight, the filtering paper 
win not sustain it; in that case it should be supported 
by placing in the funnel a cone made of a thin sheet 

Fig, 6. 




./i^ 
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of platinum, twisted into a cornet or cone. Paper 
will stand the pressure of a metre of water, provided 
the orifice of the funnel be narrow; with a pressure 
of two metres it is prudent to employ a doable filter. 
Various fornra of air-pump have been proposed, 
among which Bunsen's pneumatic pump, with water 
current ( Wa-'iser luftpumpe), should be placed in the 
first rank. One of us published in the Berichte der 
deutschen Chemiscken Oesellschaft, 1870, p. 286, a 
description of an apparatus, the construction of which 
is on the same principle, but being simpler and of 
much smaller dimensions, would be found far easier 
to establish. The force of this apparatus is sufficient 
for the greater number of cases occurring in indus- 
trial laboratories. It consists principally of a tube 
of glass, a, in the form of a Y (Fig. 6), the lower 
part being in communication with the tube, b, h'. 
One of the side branches communicates with a 
reservoir or conduit of water, and the other with 
the vessel intended to receive the filtered liquid. On 
the tube uniting the apparatus to the vessel holding 
the funnel is a small flask d {fiacoii laveur), which 
regulates the working of the machine. The appa- 
ratus referred to on page 59 renders any other need- 



Drying or Desiccating Stoves. 
Various kinds of stoves are used for desiccation 
according to the temperature required ; some have a 
double bottom and sidea intended to receive liquids 
which boilat various temperatures. In general, water 
is used, and in this case the temperature of the stove 
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never exceeds 100° Cent. ; others have single walls, 
and are called air-stoves, and heated directly. "With 
the latter we can obtain a variety of temperatiirea 
more or less elevated. A stove with a double wall 
consiata of a rectangular box of red copper, furnished 
with double walls on five of its surfaces; the front 
surface has a door with a small opening at the bottom 
for the circulation of the air ; the upper surface has 
two tubular openings, one penetrating both walls 
and intended to hold a thermometer; the other 
communicating only with the outer chamber for 
the purpose of pouring in the liquid to be heated 
between the walls. 

The form of the air-stove is precisely the same, 
but all its sides are formed of a single wall, and its 
upper surface is furnished with only one central 
opening intended to hold a thermometer. 

These stoves on a email scale are usually made of 
copper. The steam drying-stove of glass referred to 
on page 61 is much more desirable. 

Sand^Bo-th. 
The sand-bath is formed with an iron plate or 
dish heated from beneath by a small furnace or fire- 
place, and covered above with a stratum of sand. 
Coarse quartz sand is preferable to fine bank or sea 
sand, as being a better conductor of heat, and because 
the latter adheres easily to the bottom of vessels, and 
in moving them some grains might fall from one 
vessel into another. The sand-bath should be covered 
by a glass case, divided, if possible, into two com- 
partments, each communicating by a Hue with a 
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good draught. If the arrangement of the place 
permit, the stoking-door of the fire-place should be 
outside, and in a room adjoining the laboratory, to 
avoid the dust prodaced by putting in coal. See 
page 56. 

Water-Bath. 
Among the different arrangements proposed for 
this apparatus, we select the one represented in Fig, 
7 as the most convenient; d is a cylindrical metal 
vessel in which glass vessels of different sizes, as 
required, can be placed. A small apparatus, h, is 
attached to the lower part ; this consists of two con- 
centric glass tubes, the exterior fixed and the interior 
movable, in a vertical direction, by means of a 



Fig. 7. 




caoutchouc tube ; this one is open at both ends, but 
the fixed tube communicates directly with the 
interior of the cylindrical vase. "Water is dropped 
gradually into the space between the two tubes, and 
in this way the vessel, a, is filled to the level of the 
upper opening of the tube c, through which the 
excess is carried off. It is evident that in proportion 
as the water evaporates, it is replaced by the supply 



Hosted =yG00gIe 



CHEMICAL ANALYSIS AND ASSAYING. 75 

from b, and that one can at will raise or lower the 
level of the water by moving the tube c. 

Several little contrivances have been made for self-regulation of 
the supply of coal gas to a hurner wlien employed to maintain the 
heat of ettlier di'jing-atOTes or water-baUiB, so that, once iised, 
the temperature shall be pi-actlcally constant. These are to be 
procured at the principal dealers in chemical apparatus. 

Apparatus made of Flatinum. 
In order to preserve articles made of platinum, 
we must carefully avoid melting caustic potassa, 
soda, or the alkaline nitrates in them; we must 
also abstain from heating in them metals or their 
reducible oxides, or easily reducible salts, such as 
phosphates, the latter especially in combination with 
organic matter. We should not heat them strongly 
and directlyover a charcoal iire, still less, one of coke 
or coal. Platinum crucibles, etc., may be cleaned by 
friction with fine sand of rounded grains, such as sea 
sand usually is, or by melting, if necessary, some aeid 
sulphate of potassium, in order to dissolve matter 
adhering to the eurfaeea. 

Platinum vessels are rapidly injured by the flame of ordinary 
coal gas — the texture of the metal becomes open, rough, and 
porous, even though the weiglit may not alter. For many other 
agents that must not be brought into contact with platinum 
vessels, see Freseuius's work on Analysis. 

Muffle Furnaces. 

The earthenware muffle furnaces furnished by 

commerce, of French, German, and English make, 

are generally very suitable; but they have one 

inconvenience, the opening of the furnace intended 
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to communicate with tlie opening of the muffle is 
never sufficiently large to allow the latter to be 
rightly placed. The result of this arrangement ia, 
that a chink is left, through which the dust of the 
fuel may penetrate, and falsify the result of an 
analysis. It would be also an advantage to so 
arrange that the ojiening intended for the hitroduc- 
tion of the fuel should not be at the same side a9 
that through which the matter to be calcined is 
introduced. This furnace is heated either with coke 
or charcoal, in small pieces to insure that the filling 
take place uniformly and in a regular manner. Every 
time that a new muffle is employed, care should be 
taken to wipe it out well lest any of the loose sand 
detach itself from the surface in the course of an 
operation, and fall into the capsules or crucibles. 
In placing these vessels directly on the bottom of 
the muf&e we incur the risk of particles from it or 
dust from the coal adhering to them; we recommend 
the avoidance of this evil by placing them on the 
cover of a porcelain crucible, the ring of which has 
been previously broken off. 

In an analytical laboratory to l>e kept at work day by day, the 
mutfle furnace had best be regularly built of fire-brick, which has 
been sanctioned by tlie great experience of tlie Comigh and South 
Wales assay era. 

The portable claj furnaces of the French, etc., are very elegant 
to look at, and very handy for occasional use, but when kept at 
work from day to day their thin walls get so heated, and radiate 
BO much heat as to be unbearable. Besides this, the same 
uniformity of temperature cannot be maintained as in tlie more 
massive brick tVirnace ; and more mutHcs are hence lost and 
wasted by cracking through brusque changes of temperature. 
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Taking of Samples for Analysis or Assay. 

It ie obvious that the avera^^e composition of a 
mineral cannot he accurately known by tlie analysis 
of a sample taken at random. At the same time it 
is impossible to operate upon a large quantity at 
once. To ascertain the average composition as 
exactly as possible, it is necessary to procure certain 
portions which, though relatively small in volume, 
may represent the average composition of the whole 
mass. From this reduced quantity the specimen for 
analysis is taken. To obtain this result, we must 
act according to circumstances ; if, for instance, it be 
a question relative to an entire cargo of mineral just 
arrived by sea or land, we should set aside at the 
time of unloading, according to the importance of 
the mass, or the intrinsic value of the ore, every 
fifth, tenth, or twentieth load for an especial heap, 
which may be considered to have the same composi- 
tion as the whole mass. If the quantity thus set 
aside be still too large, we may do with this as we 
did with the whole cargo, and by repeating the 
process, reduce the quantity to a heap of from one- 
Lalf to two cubic metres in size. 

If the ore be in large blocks we must take care to 
reduce them to fragments sufficiently small to mix 
together; selecting small portions here and there we 
mix them together again, and from this we abstract 
a small quantity, which we dry at 100° Cent., taking 
note of the loss it undergoes in the process. "We 
then pulverize in a metallic mortar, and pass the 
powder through a sieve, the meshes of which arc 
from one to two millimetres in diameter. When 
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the whole lias been sifted and a new mixture made, 
another fmetional sample is selected, pulverized 
finely, and passed through a silk sieve. This is the 
sample for assay or analysis {prise d'essai). In this 
manner - we obtain a mass which represents the 
average composition of the entire one ; but in ordi- 
nary cases it answers to select a certain quantity of 
ore from different places on the heap, observing the 
proportion existing between the large and small 
pieces, until we have attained the volume given 
above, viz., from half to two cubic metres in size, 
and then proceed as already described. The best 
test for the accuracy of the result is to repeat the 
process, analyzing the two final specimens sepai-ately. 
If the operation be well done the analyses should be 
almost identical. 

The "sampling" of copper ores in Cornwall is executed with 
great care and precision by the assayers, wliose custom, howeyer, 
is rightly never to take samples from lieaps of ore uncriislied and 
in large lumps, as suggested in the texi, as being capable of 
leading to grave errors, or even to fraud. A certain system as 
to taking the samples and reducing the volume of an average 
sample is adopted. 

The Swansea assayera employ an admirable form of grinding 
mill for reducing to an impalpable powder the flnal sample, from 
which those for assay are taken. It consists of a spheroidal cast- 
iron mortar or pan which revolves upon a vertical axis. "Within 
it works a cast-iron pestle, to which, by a simple bat beautiftil 
train of encyclical wheels, an internal hypocycloidal movement 
is given, comljined witli a circular motion round the pan ; and 
at recurrent intervals a rectilinear diametral movement across 
the pan. The pestle is so arranged that its pressure upon the 
pan bottom can be regulated at pleasure. The whole is driven 
by a winch and porter wheel by a man or boy. Tbe cost of one 
of these mills is sud to be about £10, and such would prove a 
valuable item of apparatus in any laboratory largely engaged on 
the analysis of ores of iron, especially the harder ores. 
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PART III. 



VOLUMETRIC ANALYSIS OF IRON". 

I. — By means of Permanganate of Potassium. 
The process for the volumetric determination of 
iron known as the Marguerite process, from the 
name of the chemist who discovered it, is based on 
the following considerations: If to a solution of a 
proto or ferrous salt of iron, containing a sufficient 
quantity of free acid, we add a solution of perman- 
ganate of potassium, the protoaalt of iron {ferrosum), 
is changed to the persalt (Jerricum), taking from the 
permanganic acid set free a part of its oxygen, and 
causing it to pass into the state of a protoaalt of 
manganese, as the following eijuationa show : — 

Ist phase: 
K^'Mn^O' + H=SO* = K^SO* + H^Mn'O'; 

2d phase: 

H^Mn^Qs + 7H=S0' + 5Fe=S=0' = 

Mn^S^O + 8H=0 + SFe^S^C^ 

The salts of iron in the liquid have a very slight 
coloring power, and that of the salt of manganese is 
almost nil, that of the permanganic acid, however, is 
considerable ; it follows that as soon as the quantity- 
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of permanganic acid added to the eolution of iron is 
Bufficient to change the protosalt to the peraalt, a 
very Bmall amount of permanganate in excess will 
commmiioate to the liquid a very apparent and per- 
Bietetit rose tint, which will Berve as an indication of 
the end of the reaction. By knowing on one Bide 
the volume of the solution of permanganate employed 
to produce this rose tint, and on the other the 
quantity of iron that a unit of volume {one cuhic 
centimetre) of this solution can change from a proto- 
ealt to a persalt, a simple multiplication will give 
the quantity of iron contained in the first state in 
the solution analyzed, and consequently the total 
amount of iron, if the latter be at its minimum of 
oxidation. 

In application we distinguish three operations: 
Ist, The preparation of the solution; 2dly, ascer- 
taining its standard*; Sdly, the assay properly so 
called. 

1st. The solution of permanganate must not be 
either too concentrated, which would impair the 
accuracy of the method by changing a slight mistake 
in reading into a serious mistake in the result, nor 
too dilute, which would he inconvenient from the 
necessity of filling the burette several times for a 
single assay. The degree of concentration is correct 
when the standard of the solution is comprised be- 
tween 0.010 and 0.007 which corresponds to about 
6 to 5.5 grammes of crystallized permanganate to 

* The standard of a solution of permanganate is the quantity of 
iron tbat a cubic centimetre of the solution corresponds to, that 
quantity being expressed in grammes. 
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the litre of water. The solution is made in tho fol- 
lowing manner: put all the permanganate to be 
dissolved into a matrass, add a small quantity of 
diatiiled water, and shake the vessel; when the 
water is nearly saturated, filter the liquid directly 
into the bottle in which it ia to be preserved. The 
filtration can only be effected through asbestos or 
gun-cotton, because the permanganate is decomposed 
by paper or linen. Pour more water on the saliue 
residuum, shake it, and filter again. Kepeat the 
process till all the salt ia dissolved; then dilute the 
liquid with a quantity of water sufficient to obtain 
the volume which corresponds with the weight of 
permanganate employed, and shake it strongly to 
render it perfectly homogeneous. We may substi- 
tute with advantage simple decantation for filtration. 
The solution of permanganate ia preserved in a 
ground stoppered bottle, or in the sort of vessel used 
for distilled water already described. "When the 
solution is kept in the dark, it will not spoil quickly, 
provided the permanganate employed be of aiafficient 
purity. 

2dly. Ascertaining the standard. — This is effected 
by iron. Take a piece of thia metal, clean and free 
from oxide, weighing about 0.4 grm, ; take the 
weight very carefully. Put the iron into a matrass 
of 150 to 200 c«bic centimetres in aize, with about 50 
cubic cent, of distilled water and 4 to 8 cubic cent. 
of pure sulphuric acid ; hydrogen is evolved, and 
the iron is dissolved, producing the protosulphate of 
iron — 

Fe' + 2H»SO = H' + Fe'S'O*. 
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As this spoils by contact with the air, it ia indispens- 
able to exclude that during the process. Generally 
speaking, the hydrogen which is liberated during the 
reaction sufficiently attains this end ; but we are 
more secure by placing in the matrass, along with 
the iron, a small quantity of carbonate of sodium or 
potassium and closing the mouth with a caoutchouc 
stopper, pierced with a slender tube, or a stopper 
with a valve like that represented by Fig. 8.* 



After complete solution (which can be hastened 
by using moderate heat), we pour the liquid into a 
cylindrical vessel, rinse out the matrass with distilled 
water, adding the rinsings to the liquid, and diluting 
still further with cold water until we get approxi- 
mately a total volume of half a litre. 

"We then pour the solution which is to be stand- 
ardized into a graduated burette, with a caoutchouc 

* Tie play of liiia stopper U very simple : « ia a caoutchouc 
stopper, perforated with the glass tube bb ; e, a caoutchouc tube 
having a small longitudinal slit, d; the tube is closed at its 
extremity, «, witli a stopper of glass rod. 
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clip-cock ;* bringing the top surface of tlie solution 
exactly to the zero of the graduation, and placing 
the vessel containing the solution of iron below it, 
and beneath that a white surface, a porcelain slab, a 
sheet of white paper, or a common plate, we pour 
into it from the burette cock the permanganate, first 
in a little continuous stream, then intermittently, 
and finally drop by drop, taking care to stir it con- 
stantly with a glass rod until it turns rose-color, and 
keeps the color after agitation. This coloring is dne 
to a slight excess of permanganate, the amount of 
which we can ascertain by dropping a little of the 
" chameleon " solution into another vessel quite simi- 
lar to that used in the experiment, but containing, 
instead of a solution of iron, an equal volume of 
distilled water ; we note the fraction of a cubic 
centimetre necessary to obtain a coloration identical 
with that of the solution of iron. 

Let n be this fraction, and N" the number of cubic 
centimetres employed in the first operations. N — n 
will evidently be the number of cubic centimetres 
employed in peroxidizing the quantity of iron con- 
tained in the liquid ; this quantity is equal to ,%Yg 
of the weight of the iron wire dissolved, since the 
latter contains on an average y^ao of impurities. 

* The burettes of Gay-Luaaac or of Geissler have been recom- 
mended, or those provided witli a glass cock. Tlie aclion of the 
caoutchouc clip-cock upon the permanganate haa been feared, 
but our experience proves that these fears are much exaggerated, 
and we recommend the simple burette with a caoutchouc apring 
clip-cock as the most convenient and economical. The glass 
cocks get frequently stuck fast, or are broken by quick move- 
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The standard of the liquid, that is, the weight of 
iron indicated by each cubic centimetre, ia then 
P 0.996 

A numerical example will complete what has been 
stated: Let 0.3916 grni.betheweightof the iron wire 
employed; let us suppose that into the solution of 
these 3916 ten-thousandths of a gramme of iron we 
must drop, in order to obtain persistent coloration, 
42.7 cubic centimetres of the solution of permanga- 
nate, the standard of which we are to determine ; if 
■we have ascertained by a comparative experiment 
that the coloring is due to an excess of 0.2 c. c., the 
number of cubic centimetres employed in the peroxi- 
dation will he 42.7 — 0.2 = 42.5; consequently the 
standard sought is 

^ 0.3916 X 0.996 0.3900 



42.7 — 

The standard thus obtained is to be noted down 
with the date. We should not be satisfied with one 
experiment, but make at least two, or even more, if 
the first two do not give sufficiently concordant 
results. 

It has been suggested that the double proto- 
Bulphate of iron and ammonium (Fr. Mohr), oxalic 
acid (Hempel), or ferrocyanide of potassium (Gintl) 
may be substituted for tlie iron. Ascertaining the 
standard by means of these substances as furnished 
by commerce may occasion errors, which for the 
double sulphate might amount to 2 and 3 per cent. 
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The necessity of preparing, or, at all events, of 
purii'ying these substances renders their employment 
of little practical advantage in an industrial labora- 
tory, where, in our opinion, iron is the only suitable 
substance for fixing the standard. Nevertheless, we 
shall give the methods of operating with the salt of 
Mohr and with oxalic acid. Weigh 1.5 to 2 grammes 
of the first, or 0.4 gr. to 0,5 gr. of the second ; dissolve 
the weighed salt in distilled water, dilute the solu- 
tion to the volume of half a litre, add some sulphuric 
acid, then drop in some solution of permanganate, 
until persistent coloring is obtained. With oxalic 
acid the coloring is very slow at first ; it may be 
accelerated, without altering the results, by adding 
to the acid solution a small quantity of a solution of 
the protosulphate of manganese. 

The formula of the double sulphate of iron and 
ammonium is FeK^H^S^O* + 6H^0 ; its molecular 
weight is equal to 392, which is exactly 7 times that 
of iron, of which it consequently contains ^. Thus 

P' indicating the weight of the sulphate employed, 
N and n having the same signification as before. 
The action of oxalic acid on the permanganate is 
represented by the equation — 

5IPC^CH + K=Mn=0« + SIPSO^ - K=SO' + 2MnS0' + 

5IP0 + lOCCP, 
Comparing this equation with that representing the 
action of protosalts of iron on permanganate, we re- 
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mark that one molecule of oxalic acid decomposes aa 
much permanganate as two of the protosalt of iron. 
The molecular weight of crystallized oxalic acid 
(H'<X»* + 2IP0) is 126 ; double the molecular weight 
of iron is 112 ; these two numbers are in the ratio of 
9 to 8. If we use a weight p" of crystallized oxalic 
acid to ascertain the standard, the latter will be 
given by the equation 

T - ^P" 

Permanganate of potassium is a very delicate re- 
agent, and in experimenting we must carefully avoid 
any disturbing influence, if we wish to obtain 
accurate results. We must, therefore, avoid the 
presence of liydrochlorie acid and chlorides. Hydro- 
chloric Acid decomposes permanganic acid, producing 
the protochloride of manganese, water, and chlorine — 

H'MnW + 14HC1 = Mn^Cl* + 8H^0 + lOCl; 

chlorides have the same effect in presence of sulphuric 
acid. 

This reaction goes on along with the reaction of 
the permanganate on the protosalts of iron, and so 
falsities the result; for the chlorine set at liberty 
does not act upon the protosalts to change them into 
peraalts, or, at least, only acts partially, so that one 
easily perceives the odor of the chlorine which is 
evolved when experimenting under such circum- 
stances. 

We should also avoid the presence of nitric acid, 
or any of the nitrates, which, during the reduction of 
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the persalt of iron by zinc, might create uitrogenoua 
combinations less oxygenated than nitric acid, and 
posseseing, like the protosalts, the power of decoloring 
the permanganate. Certain organic matters also 
posseaa this property; and if the substance to be 
analyzed contain such, they must be got rid of by a 
previous opei'ation, conBisting in the roasting or 
fusion with sodic carbonate of potassium. The ores 
(carbonates) of iron from coal formations {black band, 
etc.), contain organic matters. 

The zinc used for the reduction of the porsalts of 
iron should he completely dissolved or abstracted 
from the liquid before proceeding with the assay, 
because though it does not act upon the permanga- 
nate either alone or by the hj'drogen whieli it 
liberates, aa might be supposed, yet it falsities the 
results, by partially reducing the salts of iron at the 
same time as the permanganate oxidizes them. 
Mitseherlich is of opinion that the zinc should be 
entirely and previously dissolved, because occasion- 
ally that metal precipitates iron in an appreciable 
quantity. 

The solution of the substance to be assayed must 
contain a sufficient proportion of free acid (sulphuric 
acid), without which the permanganate is only 
partially reduced, and the liquid, heing rendered 
turbid by the precipitation of a certain quantity of 
the peroxide of manganese, -becomes brown ; in which 
case the experiment has completely failed, and must 
be recommenced. Lastly, we must take care to 
operate always with liquids which are not sensibly 
warm, and which in all cases occupy approximately 
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the same volume; and we must not forget to subtract 
from the number of cubic centimetres employed the 
necessary volume for the excess in coloring, and also 
that corresponding to the quantity of zinc used for 
reduction, as we shall see further on. 

3dly. The assay is made on one gramme of mate- 
rial reduced to tine powder, in case it be an ore; tlie 
solution is made by means of 4 to 6 cubic centimetres 
of concentrated hydrochloric acid, digested for half 
an hour with gentle heat; after which, if the oro be 
sufficiently attackable by hydrochloric acid, the 
insoluble residue (silica and clay) will appear very 
white. If that be the case, add^5 to 6 cubic centi- 
metres of sulphuric acid, and heat again to get rid 
of the hydrochloric acid, the presence of which, as 
we have-already said, should be avoided ; the chlorides 
are thus changed to sulphates. "When the ore is only 
partially attackable by hydrochloric acid, we fuse it 
with three or four times its weight of sodic carbonate 
of potassium in a platinum crucible, and then treat 
the fused mass with warm dilute sulphuric acid 
until completely disintegrated. "We might also treat 
it with dilute hydrochloric acid, but in this case the 
solution must he evaporated to dryness after the 
addition of sulphuric acid. 

In whatever way the solution has been prepared, 
it must be diluted with cold water to obtain a volume 
of 150 to 200 cubic centimetres; we then immei-se 
in it a slip or two of zinc, to reduce the persulphate 
tS iron to the protosulphate — 

Fe^SK)" -(- Zn = Fe^S^O' i- ZnSO^ 
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This reaction is not the only one produced ; the 
excess of sulphuric acid acts in its turn upon the 
zinc, and liberates hydrogen — 

H^SO' + Zn = ZnSO* + H=. 

When the liquid is too diluted, the reduction is slow ; 
but on the other hand, if it be too concentrated, the 
solution of zinc is too irregular or too I'apid: the 
proportion we have given may be considered a just 
mean between these two extremes, liuring the 
reduction, contact with the air must be avoided ; this 
result is obtained by providing the matrass in which 
the operation goes on with one of those valve- 
stoppers before described when treating of ascertain- 
ing the standard, or by covering it with a watch- 
glass. The liberated hydrogen is then sufficient to 
exclude the air from the matrass; and it is thus 
unnecessary to use the carbonate of potassium or 
sodium, as in the other case. The liquid, which is 
at first yellow, gradually loses its color, and when 
this is complete, the reduction is so. When we wish 
to be certain of this, pour a drop of the liquid into a 
small quantity of the solution of sulphocyanate of 
fiotassium ; if no red color be immediately produced, 
the reduction has been complete. The solution of 
the zinc is then effected by the addition of sulphuric 
acid, and we collect together the flakes of black 
matter floating in the liquid by gently shaking; we 
allow these to deposit, and then decant into a cylin- 
drical jar, washing the residuum two or three times, 
and adding the rinsings to the iirst liquid decanted. 
These operations being jierforined as rapidly as 
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possible, we dilute with cold distilled water, until 
we get the volume used in ail our volumetric assays, 
viz., about half a litre. lu order to prepare the 
solution of the ore for the experiment, it is eufficient 
to add sulphuric acid, if it does not already contain 
enough. We then drop the solution of permanga- 
nate from a graduated burette, with the precautious 
indicated with respect to the standard, until the 
jtersistent rose-eolor appears. By the graduated 
scale of the burette, we learn the volume of the 
solution of permanganate employed, and, kuowing 
its standard, we find by simple multiplication the 
quantity of iron contained in the weight of the sub- 
stance submitted to examination, and consequently 
the value of the ore. The reduction previous to this 
analysis is etl'eeted by the help of zinc, as already 
stated; mercantile zinc is generally employed, and 
this, unfortunately, always contains a certain amount 
of iron; although the proportion be small, we are 
obliged to allow for it, on account of the conaidei-able 
weight of zinc employed and the erroneous results 
it would therefore lead to. 

We can easily correct this error by using zine cut 
into piec^ of equal size from the same sheet, and 
determining the fraction of the cubic centimetre of 
permanganate necessary to peroxidate the iron con- 
tained in one of these pieces. This fraction, or one 
of its multiples, if several pieces of zinc have been 
required for the reduction, must be subtracted from 
the number of cubic centimetres employed for the 
assay before converting, by calculation, this volume 
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into tiie weight of iron sought. We must not forget 
also to subtract the excess of permanganate required 
to produce the coloring — an excess ascertained by 
the process already described, 

II. — By means of Protochloride of Tin. 

The protochloride (stannosum) of tin posaesaes the 
property of reducing the persalts of iron to the state 
of protoaalts at a temperature of nearly 100°, as the 
following equation shows :— 

SFe^Cl" + Sn^Cl* = 2Fe^CP + 2SnCi*. 

From this reaction it follows that by pouring a 
solution of protochloride of tin of known standard 
into un iron solution until the latter be completely 
reduced, we can ascertain from the volume of the 
solution of tin employed, the amount of iron in the 
condition of a peraalt contained in the liquid assayed. 
In order to fix the completion of the reaction, it has 
been proposed to add to the liquid a few drops of the 
Bulphoeyanate of potassium, which produces a deep 
red color with persalts of iron; but the sulpho- 
cyanate being itself a reducing agent, under the 
conditions in which it is necessary here to operate, 
its presence as an indicator might interfere with 
exact results. 

To avoid this it is necessary to slightly complicate 
the process by proceeding as follows: Pour into the 
solution of iron such a quantity of protochloride of 
tin as is sufficient to completely dissipate the yellow 
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color of the persalt.s, w]iicb, in an acid solution when 
heated, is very intense. To obtain this result we 
generally must add a Blight excess of the reagent ; 
this excess is determined by means of a solution of 
iodine, which saturates the tin, and the least excess 
of which is ascertainable by starch, which becomes 
of a deep blue. 

The probable reaction between the protochloiide 
and the iodine is either 

Siroi* + 41 = SnCl* + Stil*, 
or 

Sn^Cl^ + 41 = 2SnCPIl 

As the solution of the protocbloride of tin alters 
very rapidly, it is necessary to ascertain its standard 
before each series of experiments ia undertaken ; this 
is easily done by ascertaining the number of cubic 
centimetres necessary for the reduction of a given 
quantity of a standard solution of perchloride given. 

We have, therefore, three solutions to prepare:— 

1st, A solution of the protocbloride of tin ; 

2d. A solution of iodine; 

3d. A solution of the perchloride of iron. 

The last only requires to be standardized ; it is of 
suitable concentration when it contains 0.01 gramme 
of iron for each cubic centimetre of volume. This 
particular standard has, moreover, the advantage of 
simplifying further calculations. 

In oi'der to obtain this solution in the easiest 
manner, dissolve an ascertained weight of pure iron 
in hydrochloric acid, add to this solution the quantity 
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of chlorate of potaasiura required to change the pro- 
tochloride into the perchloride of iron, and boil until 
free chlorine is completely expelled, then add of 
water sufficient to make the number of cubic centi- 
metres correspond with the number of centigrammes 
contained in the weight of pure iron. In our calcu- 
lation we must not forget that, as before stated, the 
purest commercial iron contains on an average only 
0.996 of iron. 

In default of metallic iron we may employ any 
solution of the perchloride of iron, determine its 
exact standard, and dilute with the requisite quantity 
of distilled water. 

The solution of tin is prepared by dissolving 10 to 
20 grammes of crystallized protochloride of tin in a 
litre of distilled water, strongly acidulated with 
hydrochloric acid. We may also obtain a suitable 
solution by dissolving 5 to 10 grammes of grain tin 
in hydrochloric acid with heat, and diluting the 
solution to about a litre in volume. Filter, if neces- 
sary, in order to obtain a perfectly limpid solution, 
and preserve in a ground stoppered bottle. 

The solution of iodine is made by dissolving about 
5 grammes in a litre of distilled water; if the solu- 
bility of the iodine in water be too small for this 
proportion, wo can increase its solubility by adding 
a small amount of iodide of potassium. 

We should also prepare a dilute solution of starch 
by boiling a small quantity of starch with water. 

The progress of the operation is as follows: — 

1st. Determine the rehition between the solution 
of tin and the solution of iodine; for this purpose 
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take one or two cubic centimetres of the lii-st, drop 
in from a glass three or four drops of starch solution, 
then add, if it be not already very acid, one or two 
cubic centimetres of hydrochloric acid diluted with 
its volume of water; then pour in fi-om a graduated 
burette the solution of iodine until the appearance 
of the blue color; note the number of cubic centi- 
metres employed to reach this point, which shows 
that the reaction has been completed. 

2d. Petermine the quantity of sohition of tin 
necessary to reduce a known weight of iron. This 
19 done in the following manner: Take ten cubic 
centimetres of the solution of iron containing 0.1 
gramme of iron, add 10 cubic centimetres of dilute 
hydrochloric acid, heat the whole in a matrass to 
ebullition. Then pour in slowly from a graduated 
burette some solution of tin until the disappearance 
of the yellow color ; cool by agitating the matrass 
in cold water, add some drops of starch solution, and 
determine the quantity of solution of iodine necessary 
to saturate the exeeas of chloride of tin which has 
been used. The latter is calculated by means of the 
proportion furnished by the first operation, having 
regard to the number of cubic centimetres employed. 

3d. We now proceed to tlie assay pro}")er]y so 
called. For this purpose dissolve a gramme of the 
material to be assayed in a small matrass with 
hydrochloric acid, convert all the iran into the state 
of perchloride by the addition of a small quantity of 
chlorate of potassium, and boil to get rid of the free 
chlorine. Pour some solution of tin into the boiling 
liquid until the reduction be complete, without 
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which it would be necessary to separate the insoluble 
matter by filtration. Finally we determine the 
excess of the chloride of tin by the metiiod already 
described with the solution of iodine. By comparing 
the number of cubic centimetres of the chloride of 
tin employed for the operation with that required 
for the reduction of 0.1 grm. of iron, we calculate 
tbe quantity of this metal contained in the substance 
assayed. Thus, for example — 

To a cubic centimetre of the solution of the proto- 
chloride of tin, acidulated with hydroehlonc acid, we 
have added starch and poured in solution of iodine; 
1.4 cubic centimetre of the latter was required to 
obtain the blue color. "We then took 10 cubic centi- 
metres of the standard solution of Iron, poured into 
it 19.2 c. c. of the solution of tin, and then 0.7 e. c. of 
the solution of iodine. These 0.7 c, c. of iodine corre- 
spond, according to the first experiment, to 0,5 c. c. of 
chloride of tin ; the volume of the latter required for 
the reduction of 0.1 gramme of iron was therefore 
18.7 c. c. Again, having dissolved one gramme of the 
iron ore with tbe prescribed care, and having allowed 
for the excess of the chloride indicated by the iodine, 
we found that 42.3 e. c. of the solution of tin was 
required to obtain tlie complete reduction. 

The proportion 18.7 : 0.1 : : 42.3 : x, gives the 
quantity of iron contained in one gramme of the ore; 
this is — 



18.7 
The ore contains, therefore, 2.2673 per cent, of ii 
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A third Toliimelric mctliod for tlie determination of iron not 
noticed in the text, yet siiould not lie wholly passed over — viz., 
tliat introduced by tlie late Dr. Penny, of Glasgow, and much 
employed by Lim for tlie assay of iron ores. This consists in the 
employment of a standard solution of bichromate of potassium, 
in plnce of the permanganate of Marguerite. 

This process depends upon the feet that an acid solution of a 
protosalt of iron, acted upon by one containing chromic acid, is 
changed to a persalt of iron, and the chrome to a sesquisak, bo 
that the reaction of bichromate of potassium and protochloride 
of iron is thus : — 

OFeCl + 7HC1 + KOSCrO' = SFe'Ci' + KCl + Cr«Ci» + 7H0, 
as given by Percy (Metallurgy of Iron), who recommends this 
method as preferable to Marguerile's. The standard solution 
advised by Percy is of 305 grains of bicliromate in 35,000 grains 
of water, lOOO grains of such solution being equivalent to 10 
grains of iron. The iron solution is brought to the slate of a 
prolosalt by boiling either with zinc (of known degree of purity) 
or with sulphite of sodium ; and the completion of the assay is 
determined bv a test solution of red (ferricyanide of potassium) 
formed by tw o or three grams of tlie salt to half a pint of water. 
Ur. Percy gives minute instructions (as above) for the applica- 
tion of this method, with the succe''''ful use of which organic 
malter in the iron ores does not interfere chemically, though it 
may optically, by remaining in suspension and obscuring the 
color indications 

On the strength of some years' experience of both methods, 
Percy preters this to that of Marguerite on the ground that 
bichromate of potassium is readily obtained m crystals in com- 
merce, and needs not to be specially prepared , that the solution 
is easily prepared ; that once standardized. the solution is much 
less liable to change, ajid therefore more reliable than that of 
permanganate of potassium ; that it is less liable to error of 
manipulation from evolution of chlorine, or from organic matters 
present; and that, wliile equally accurate, it occupies less time 
than the permanganate process. The less alterable character of 
tlie standard bichromate solution is certainly an advantage. On 
tlie other band, however, it should be remarked that at present 
(ifnotin!864, when Dr. Percy wrote) permanganate of potassium 
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can be obtained commercially in crystals of great purity, whilst 
the purity of commercial bichromate of potassium has seriously 
declined latterly, owing to the process of calcination of the 
chrome iron with lime instead of with nitre or alkali, as formerly 
practised by the manufacturer. The result is that all the com- 
mercial bicliTOmate wbicli the writer lias come across of late 
years, contains a considerable and variable amount of sulphate of 
lime (perhaps in the state of some double salt), but crystallizing 
out in colorless small tabular crystals of tbe normal form of 
sulpliate of lime. Hence to obtain at present reasonably pure 
bichromate for the standard solution, we must submit tbe salt of 
commerce to at least two successive crystal ligations. 

In general, on the subject of volumetric assays of iron, the 
writer ventures to remark tbat the assayer who has not mastered 
the general principles of this method by the study of Sutton's, or 
some other of the standard works on Volumetric Analysis, will 
find himself, when dealing with compounds of iron new \a him, 
very liable to slip into errors that may be to him inexplicable ; 
that the successful useof the volumetric method demands a large 
amount of very special, though narrow, experience and practice ; 
that as dependent on slight difl'erences of color, the results of 
different experimenters are subject to all the differences in the 
appreciation of colors appertaining to different eyes. It becomes 
more and more probable not only tbat more people are color 
blind than is commonly supposed, bnt tbat to no two people does 
the same color appear precisely alike. 

Lastly, tlie value of volumetric assay for saving of time is a 
funclion of the largeness of the numtier of, cTumiaally, quite 
iimilar substances requiring to be assayed. Where these are 
not numerous, or where there may be chemical differences, such 
as to disturb the color indications, or to introduce any chemical 
uncertainty requiring afterwards to be sought out, otiier and 
older methods dependent not on measuring volumes, but on the 
balance, are to be preferred. 

[We recommend again the entire solution of Hie zinc employed 
for the reduction of the persalts of iron, because, as already 
pointed out by Milscherlich, we have also found tliat zinc 
occasionally precipitates a sensHiIe quantity of iron. 

As tllaniferous iron ores are quite abundant in certain parts 
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of the United States anct Canada, and are coming into use, we 
here give tlie Tolamelric metlioda of analyzing tLeui. 

Zinc cannot be employed for reducing sojiitions of litaniferoua 
irona, Lecause tlie percliioride of lilaniura is also reduced to tlie 
state of sesqui chloride, and will afterwards be peroxidlzed by 
tlie solutions of permanganate of potassium or of bicliromate of 
potaaaium. The reduction of auch solutions should be effected 
by means of the sulphurous anhydride or the SHiphite of sodium, 
and the liquor should be boiled until all sulphurous smell haa 
disappeared. By Iheae operations, unless the liquor be very acid 
and concentrated, a part of the titanic acid will be precipitated, 
in the shape of a Tvliite powder. In tliis case it is preferable to 
employ the Penny's process by bicliromate of potassium, because 
the slight pink coloration by the permanganate will be ascertained 
with difficulty. 

Another metliod of volumetric analysis, convenient for titan- 
iferous and other iron ores, conaials in employing a solution of 
persalt of iron, which is transformed lo the state of protosalt by 
a standard solution of hyposulphite of sodium. 

For instance, let us standardize a solution of 25 grammes of 
hyposulphite of sodium in 1 litre of water. One gramme of 
piano-wire, supposed to contain .j'jYtj of pure iron, is dissolved in 
hydrochloric acid, and then peroxidi zed by chlorate of potassium, 
chlorine, or bromine, but not with nitric acid. The excess of 
chlorine or bromine is removed by boiling, and the solution is 
diluted with water so as lo occupy 100 cubic centimetres 

We put 30 c. c. for instance, of this solution in a biaker, and 
add aome liydrochloric acid and 1 or 3 drops ot a solution of 
sulphate of copper (which aids in the (ranafer of ovygen from 
the iron to the hyposulphite). The whole is colored a dark red 
color by a few drops of a solution of sulphocyanate of potassium. 

The solution of hyposulphite of sodium is then poured from a 
graduated bui'ette until the red coloration disappears, that is, 
when the whole persalt of iron is transformed into a protosalt. 
From the number of c. c. of hyposulphite of aodium employed for 
the iron contained In the 20 c. c. we obtain the standard of Ibe 

The operation is performed in the same manner for the 
analysis of the iron ore. The solulions should be rather conccn- 
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trated, and contain a certain amount of free liydroeliloric acid, 
■wbich is best arrived at by practice. A temperature of about 
40° C. aids the reaction. The proportion of 25 grammes of liy- 
posulphite of sodium for 1 litre of water, gives a solution of con- 
venient conecntratioii, wliicli should be standardized almost 
every other day, because it is easily altered. 

Our esperiejice of this process Is, that It is satisfaelory for 
practical purposes, when the standard solution of hyposulphite 
of sodium is freshly made. Witli an old one, the reaction lags 
behind, and the change of color is not rapid or very distinct.] 
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ANALYSIS OF lEOK OEES. 

Iron ores may contain, in addition to the oxides 
of irpn, watiQ r, carbonic anhyd ride, organi c matter e. 
s ilica , ii lnmina. , lime , ma^eaja., phos phoric ac id. 
B ulphu r. argeoic, zinc, lead, and m ang-anes e. in 
various degrees of oxidation. In rare cases they 
may also contain other matters; we shall limit our 
description to the processes requisite for the quanti- 
tative analysis of the elements which enter into the 
composition of ordinary ores, referring for special 
cases to larger analytical treatises. 

Before coranieneing the analysis of an ore, it is 
very important to know whether it contains manga- 
nese or not; in fact, the process to be pursued in 
each case is different, dependent upon this. 

We can quickly ascertain the presence of this 
metal by fusing the ore with two or three times its 
weight of carbonate of potassium; the fused mass 
assumes a green color, more or less dark, according 
to the amount of manganese. The blowpipe will 
usually suffice for this. 

[The presence of manganese in an ore may also be ascertained 
by the wet metliod, as follows; — 

Heat witli diluted nitric acid a certain quantity of dloxtde of 
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lead, and pour into it a few drops of a nitric solution made with 
the ore ou trial. If manganese be present, the supernatant 
liquor will be colored a purple-red, the more intense as tLe pro- 
portion of manganese is greater. 

Or the dioxide of lead and tlie powdered ore may be heated 
together in the same vessel with nitric acid, diluted with about 
twice its volume of water. The mixture is stirred now and then, 
and the coloration will appear when the solid particles have 
sultsided. 

The blowpipe assay is best made upon a platinum foil or spoon, 
and is aided by tlie addition of a small proportion of nitrate of 
potassium to the carbonate of sodium (or potassium) used.] 



I.— ORES ISOT CONTAINING MANGANESE. 

The analysis of these oi^s is conducted as if they 
only contained s ilj^a . al uip^jja . peroxi ^j^ of iron, l ime , 
and ma gnesi a : the determination of other substancea 
IS made with special experimental specimens, either 
to facilitate the operations generally, or because the 
proportion of such substancea is so small that to 
ascertain the amount with any degree of accuracy it 
is necessary to operate with quantities relatively 
Jarge. 

"Weigh a gramme of ore, and if it contain organic 
matter, the presence of which might be inconvenient 
in the course of the operation, destroy it by roasting 
or still better by fusion with three to four parts of 
Bodic carbonate of potassium, and half a part of 
saltpetre. "When we operate by roasting, a second 
weighing of the specimen gives directly the loss 
sustained by the process. This loss is generally 
ascertained with a special portion because calcining 
renders mineral ores motvi refractory to the action of 
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aciiis. It is to avoid this inconvenience that we 
prefer generally to destroy organic matter by fusion. 
When it is unnecessary to have recourse either to 
roasting or fusion, we pour some cubic centimetres 
of hydrochloric acid upon the ore, and heat gently 
in a closed flask ; when the acid has acted for a little 
time we add a little nitric acid, the object of which 
is to facilitate the solution and to transform any 
protosalts of iron present into persalts. After 
digesting for half an hour or an hour, the insoluble 
remainder ought to appear either as a gelatinous 
mass or a white powder, at most a little grayish. 
"When neither of these results follow, the ore is 
refractory to the action of acids, and it is necessary 
to fuse it with the alkaline carbonates. In this ease 
we melt a gramme of the substance with four to live 
grammes of sodie carbonate of potassium in a 
platinum crucible, covered to avoid the spirting from 
the liberation of carbonic anhydride, expelled by the 
silicic acid. We raise the temperature gradually to 
a red heat, and keep it at or above this point till 
the mass is in tranquil fusion ; then cool it rapidly. 
After cooling, the crucible and cover are placed in a 
deep dish of Berlin porcelain, containing enough 
■water to cover them both. We then heat, taking 
care to keep the water below ebullition, and to add 
in succession very small quantities of hydrochloric 
acid, until the fused mass is completely disintegrated. 
We must follow exactly the same plan if the object 
of the fusion had been merely the destruction ot 
contained organic matter. The solution of an ore 
incompletely soluble in acids may be eftected by 
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submitting it first to the action of hydrochloric acid 
only; when this action has ceased dilute the liquid 
with at least its own volume of water, that it may 
not attack the filtering paper ; filter and wash the 
i-esiduum, dry it in the filter, and roast both together. 
Add to the product of the roasting, and in the 
platinum crucible which has served for the operation, 
three to four grammes of aodic carbonate of potassium, 
stir the whole well with a platinum wire or glass 
rod, and fuse the mixture, and after fusion heat it 
in the manner and with the same precautions we 
have indicated with the acid and hot liquid obtained 
by filtration after the first reaction, and wliich in 
this case is substituted for pure acidulated water. 

The acid solution of the ore obtained by either 
method is carefully evajwrated to dryness in the 
water bath in a porcelain capsule, by which the eJHca 
is rendered insoluble in acids. The residue of the 
evaporation is well moistened with concentrated 
hydrochloric acid, and then treated with hot water, 
until it is completely disintegrated, a process which 
may be hastened by gently crushing it with a per- 
fectly smooth agate pestle. We wash the insoluble 
residuum by two or three deeantations, and finally 
throwing it on the same filter employed for filtering 
the washing waters, we continue to wash it with 
boiling water, to which we add at the commence- 
ment a little hydrochloric acid. The insoluble 
matter is first dried, then roasted, and finally let 
cool under the drying bell. If in drying the edges 
of the filter turn yellow, it is an indication that the 
washing has not been sufficient, and in this case we 
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should recommence the analysis. If we have made 
use of the alkaline carbonates in order to make the 
ore soluble, the silica after roasting should be per- 
fectly white, and should crumble into powder ; but 
if the ore has been simply treated with acids, 
aluminous matter may be mixed with the silica, and 
in this case the latter is not so white, and is more or 
less coherent. Fusion with the alkalies ia, therefore, 
indispensable if we require to know exactly the 
amount of silica and alumina which enter into the 
composition of the ore. 

In the liquid separated from the silica by filtration 
we can precipitate alumina and peroxide of iron by 
a slight excess of ammonia,* the ammoniacal liquid 
ia heated till the precipitate be well reduced in bulk ; 
this precipitate contains, in addition to alumina and 
peroxide of iron, phosphoric acid, when ojierating 
with phosphoric ores. "We must filter I'apidly to 
prevent the ammonia absorbing carbonic acid from 
the air, and wash the precipitate in warm water, first 
by decantation, and then on the filter, until a drop 
of the washings filtered through, and gently evapo- 
rated on a sheet of platinum by a Bunsen burner or 
spirit-lamp, leaves no residuum. "When the precipi- 
tate is well washed it is dried, roasted, and weighed, 
and from its weight we deduce that of the alumina ; 
this is done by subtracting from the total weight 

• This reagent should he free from carhonale to avoid precipi- 
taliog hme. Tliis condition is importanl, for magnesmaiid lime, 
■which are slightly precipitated along witli oside of iron even 
when tlie ammonia is pure, would be mucli more so if the 
,s partially carbonated. 
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that, of the peroxide of iron, which is to he obtained 
by a volumetric assay, and the weight of the phos- 
phoric acid furnished by an especial assay for the 
same. The liquid from which the peroxide of iron 
and the alumina have been withdrawn now contains 
lime and magnesia; to separate these two bases, and 
ascertain theip amounts, we must precipitate the 
lime by means of oxalate of ammonium, of which 
we add an excess, in order to maintain the solution 
in the state of a double oxalate, the oxalate of 
magnesia being hut slightly soluble. 

It is advisable to effect the precipitation of the 
oxalate of calcium fi-ora a warm solution, and to 
allow twelve hours for the formation and deposition 
of the precipitate. After this lapse of time we pour 
the clear solution on a filter, and cause the precipi- 
tate to collect on it by means of a jet of warm water; 
if some of the precipitated oxalate adhere to the 
sides of the precipitating vessel, it is necessary to 
redissolve it with a drop of nitric acid, and precipi- 
tate it again with ammonia. We add this second 
precipitate to the first, and subject the whole to tbe 
washing process. To obtain the weight, we calcine 
the oxalate by heating it progressively to clear red- 
ness, maintaining this temperature for a quarter of 
ail hour; by this treatment it is first changed into 
tbe carbonate, and at last into anhydrous or caustic 
lime; it is cooled under tbe drying bell, and when 
cold it is weighed as rapidly as possible to prevent 
its absorption of moisture and carbonic acid from tbe 
air. After weighing, we can ascertain its complete 
transformation into lime by pouring on the precipi- 
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tate as mucli water aa will cover it, and adding a 
drop of hydrochloric acid. If the decomposition is 
complete, there should not be the leaat HberatioBjof 
gas. If we find that the calcination has befti 
insufficient, instead of repeating the experiment, we 
can weigh the lime as a sulphate ; for this purpose 
pour into the crucible some drops of sulphuric acid, 
evaforate with care to dryness, calcine at a low red 
heat, and weigh after cooling in the drying bell. 

The standard solution made use of in the volume- 
tric assay of iron, viz., that of permanganate of 
potassium, may very well be employed also for the 
volumetric assay of lime. This assay is made in the 
following manner: Redissolve on the filter the well- 
washed precipitate of oxalate of calcium in the least 
possible quantity of slightly diluted hydrochloric 
acid, wash the filter, and, adding to the liquid a 
little solution of protosulphate of manganese and 
sulphuric acid, pour in some solution of permanga- 
nate (with the same precautions as indicated for the 
determination of iron), until the appearance of a 
slight, persistent rose-color. The quantity of lime 
indicated by one volume of the standard solution is 
exactly equal to half the quantity of iron corre- 
sponding to the same volume. The reaction of the 
permanganate on the oxalate of calcium in presence 
of an excess of acid, is represented by the following 
equation : — 

5CaC=0^ + 2KMnO' + 8IPS0' = 
lOCO' + K'SO^ -I- 2MnS0* + 5CaS0* -|- 8H=a 

The addition of the protosulphate of manganese 
to the liquid is intended to hasten the action of the 
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permanganate, and admit of tlie operation being per- 
formed cold, which, in addition to the fact that the 
liquid contains hydrochloric acid, make this indis- 
pensable. To obtain the (Quantity of magnesia, add 
to the liquid separated by filtration from the oxalate 
of calcium the third of its volume of ammonia, then 
ail excess of phosphate of sodium ; stir well and leave 
at rest in a covered vessel from twelve to twenty- 
four hours. The precipitate should be made in a 
perfectly unseratched glass Jar, and in stirring the 
liquid care should be taken not to touch the sides of 
the vessel with the glass rod; otherwise portions of 
the crystalline precipitate of the double phosphate of 
ammonium and magnesium which is formed would 
adhere to the sides of the jar, so as to be difficult to 
detach; should this be the case we must redissolve 
with hydrochloric acid and precipitate with ammo- 
nia. 

The precipitate is thrown on a filter, washed with 
cold water containing the third of its volume of 
ammonia, then dried, calcined, and weighed. In 
calcining it loses ammonia and water, and is changed 
into the pyTOphoaphate of magnesium— 

2Mg{XH')rCH = H*0 +i^g'P^07f 2XII». 

If we calcine the double phosphate too rapidly, the 
resulting mass is compact, often gray and even black 
in the interior. According to Rose, this results from 
the presence in the precipitate of small filaments of 
the filter or other organic matters, the carbonization 
of which occurred before the liberation of the ammo- 
nia. To avoid this, we should raise the temperature 
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Blowly to redness; in this way the precipitate be- 
comes pulverulent, and the organic matters are com- 
pletely burned away. 

There are yarious precautions necessary to success In the 
separation of lime and magnesia, for wliich tlie assayer should 
consult the larger works on Analysis (Rose, Frcsenins, etc.). 
In particular, Bcheerer has pointed out that when the lime 
proaonl hears a small proportion to the magnesia, tlic former goes 
down with the latter wholly or in part ; and he has proposed in 
such cases to convert both bases into sulphates, and separate the 
sulphate of calcium hy alcohol. Soastadt has proposed and 
described in detail a method of separating these bases by tung- 
state of sodium, which, appears valuable. As regards Ihe separa- 
tion of calcium from aluminium in solution, the remarks of H. 
Rose also should be known. By his method ammonia absolutely 
free from carbonate is not indispensable. 

Instead of determining the oxiile of iron volnms- 
trically, and the alumina by diiference as we have 
described, we may determine the amount of each by 
weighing, alumina being soluble in a solution of 
caustic potassa, a property which oxide of iron does 
not possess. The precipitate obtained by ammonia is 
rediasolved on the filter with the least possible volume 
of hydrochloric acid ; this solution ia then dropped 
into a moderately concentrated solution of caustic 
potassa, and heated to boiling in a porcelain dish, 
"We must take care to stir constantly while mixing 
the two liquids. To avoid using too large a quantity 
of caustic potassa, which, when pure, ia an expensive 
reagent, we may previously saturate the most of tlie 
excess of acid used for the solution of the iron atid 
alumina with carbonate of potassium or of sodium. 
After treating the liquid with the caustic potassa, 
we proceed to filtration, taking care to dilute the 
10 
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alkaline solution with enough water, that it shall 
not corrode the filter; in this manner the insoluble 
oxide of iron ia separated. The alumina is again 
precipitated with ammonia, or still better with the 
hydrosulphide or the carbonate of ammonium, after 
the liquid has been slightly aoidulated with hydro- 
chloric acid. When the alumina has been thus pre- 
cipitated, it ia thrown upon a filter, washed carefully, 
dried and weighed after calcination. 

The peroxide of iron left on the filter cannot be 
directly weighed ; it always retains, notwithstanding 
the washing, a certain amount of alkali ; to get rid 
of this it is dissolved in hydrochloric acid, and pre- 
cipitated again, the solution being hot, with ammonia. 
The oxide thus obtained is filtered out, washed, dried, 
calcined, and weighed. 



[The preceding directions may be sufficiently j 
evcry-day 'work, in iron ■woriss, for instaoce ; 
requiring a great deal of cai-e, as for the determination of the 
formula of a mineral, it will be found that the separations of the 
various constituent parts are not so thorough as may be desired, 
and that further work is rcquii-ed. 

For instance, in ores holding lime and magnesia, it is nearly 
impossible to have the precipitate of oside of iron and alumina 
free from these substances, by one operation, notwithstanding 
care has beeii taken to add the ammonia by small quantities at a 
time, in boiling liquors, and only in slight excess, that is to say, 
with the same precautions recommended in the following pages 
for the separation of manganese by ammonia. 

The precipitation of the lime and magnesia with the oxide of 
iron will more readily talte place in concentrated liquors than, in 
liiluted ones. If the proportion of iron be small, comparatively 
with that of lime, the precipitate by ammonia may be more white 
than brown. 

The presence of a certain amount of chloride of ai 
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the liquors, wliicli ia added, or formed by the neulraUKation of 
the hydrochloric acid by ammonia, aida ia retaining the manga- 
nese and magtiesia in BOlution. 

Therefore, when accuracy is desired, the still moist precipitate 
of iron and alumina is, aft«r washing, dissolved upon the filler 
with hydrochloric acid, and reprecipitated by ammonia, ii-itli all 
the necessary precautions. It is sometimes necessary to repeat 
this operation two or three times, if we need great accuracy. 

The precipitation of the alumina and iron by the hydroaulphide 
of ammonium, allows of a more rapid and complete separation 
from the lime and magnesia, and the best mode of operation con- 
sists in passing a brisk current of hydroaulplinric acid through 
the solution, and adding small quantities of ammonia at a time. 
Yery little, if any, carbonate of lime or of magnesia will be- 
come precipitated. The liquors had better be in a flask which 
may be corked, so tiiat contact with the air is prevented when 
the alumina and sulphide of iron are allowed to settle. When the 
supernatant liqaor has become yellow, without any green in it, 
it is decanted and filtered, and the precipitate is washed again 
once by decantation, and afterwards upon the filter, in a covered 
funnel, taking care to operate as rapidly as possible and to liave 
some hydroaulphide of ammonium in the washing lirjuor, on 
account of the rapid oxidization of the sulphide of iron. The 
washed precipitate is immediately diaaolved upon the filter with 
hydrochloric acid, and the solution is heated to espel the hydro- 
sulphuric acid which may be present. The iron is then per- 
oxidized by chlorate of potassium, or nitric acid, or bromine, and 
the oxides are precipitated by ammonia. After a thoi'ongh 
washing by decantation and upon the filter, the precipitate may 
be considered free from lime and magnesia. 

It is proper, on account of the lime and magnesia, to precipitate 
with but a slight excess of ammonia, and, if too much of this 
reagent has been added, to continue the boiling until the ammo- 
nia smell has disappeared. On the other hand, a large excess of 
ammonia has the advantage of decomposing to a certain extent 
the insoluble subsalts of iron formed during the precipitation. 
Therefore, the last precipitation will be made with but a slight 
excess of ammonia, and, after decanting and filtering the super- 
natant liquor, the precipitate will be wasiied once by decan- 
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lation with boiling water. It will be afterwards boiled Tvith 
ammouia and water, and finally thrown, upon tlie filter aud 
wasiied. 

This boiling witli ammonia will not be sufficient to decompose 
the subsnlpliates of iron, ■which are always produced in liqnora 
containing sulphuric acid in sensible proportions. These precipi- 
tates, after washing, should always be redissolyed again in 
hydrochloric acid, before final separation by ammonia, otherwise 
the results will be far from accurate. 

The precipitated and calcined peroxide of iron Is anhydrous 
when it possesses a bright metallic lustre, resembling that of 
oligist iron. Its powder is of a violet red color. That which is 
brown and without lustre is not anhydrous, and should bo 
calcined again at a higher temperature. It is well also to try the 
calcined oxide with (he magnet, because it happens sometimes 
that it has been partly reduced and contains some magnetic oxide. 

These ohseryations apply as well to the precipitation of peroxide 
of iron alone as to timt which is mixed with alumina. This latter 
substance, which, when precipitated alone, is slightly soluble in 
an excess of ammonia, does not appear to be acted upon by this 
reagent when a certain amount of iron is precipitated at the same 

Unless the proportion of alumina is very small, its separation 
from the oxide of iron by the method indicated in the text, will 
not be complete In one operation. The remaining oxide of iron 
ought to be dissolved again in hydrochloric add, and the treat- 
ment by a solution of caustic potassa (or soda) repeated at least 
once more. The separation is more complete if the powdered 
mixture of the two oxides be fused with caustic potassa (or sodaj 
in a silver crucible. The oxides are added when the caustic alkali 
isinastate of tranquil fusion, that is, has ceased to spirt, which is 
occaMoned by the escape of water. The oxides may be calcined, 
or simply dried at about 100° C. In the absence of a silver 
crucible, one of platinum will answer, by diluting the caustic 
alkali with about two or three times its weight of dry carbonate 
of sodium. There is little, if any, spirting in this case, and the 
oxides may be immediately mixed with the carbonate of sodium, 
and a lump of the caustic alkali put on lop. The remainder of 
the operation is explained in the text. This method generally 
gives an amount of alumina gi eater than it ought to be, because 
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llie caustic alkalies used, soda or potassa, cnntain tliemselves 
a certain Quantity of alumina, wliicli increases tlio weight of 
tlie alumina of the ore ; on the other hand, by the method 
given in the text, the amount of oxide of iron is too great, 
its weight being increased hy a certain quantity of alumina 
retained. Consequently the weight of the alumina separated 
ought to be loo small, but this is compensated to a certain extent 
(and sometimes more than it ought to he) by the alumina con- 
tained in the solution of caustic alkali employed. 

If it be desired to separate Oie oxide of iron from the alumina 
without determining the proportion of the latter substance, by 
itself, this may be effected as follows : enough tartaric acid is 
added to the solution of the two oxides to prevent any precipita- 
tion when an excess of ammonia is added. The iron is then pre- 
cipitated aa sulphide by the hydroanlphide of ammonium, and the 
alumina is separated hy filtration. It is well, when the proportion 
of alumina is considerably above that of the iron oxide, as in 
certain clays, for instance, to dissolve the precipitate of iron 
sulphide upon the filter with hydrochloric acid, and to begin 
anew the operation, that is, to add tartaric, acid, ammonia, and 
hydrosulpliide of ammonium. We have already indicated the 
manner of washing the precipitate of sulphide of iron, and Ita 
ftirther treatment by hydrochloric add, oxidizing agents, and 



The alumina may be collected from the filtrate separated from 
the sulphide of iron, allhougli the operation is very troublesome. 
On account of the tartaric acid, the solution must be evaporated 
to dryness, and the residue calcined until white. It may then be 
dissolved in caustic potassa or soda, or in the acid sulphate of 
potasaum. The volatilization of the ammoniacal salts present, 
causes a certain loss of alumina, so that this substance had 
better be determined by difference. 

This method is very good for separating small amounts of 
oxide of iron, which it would he difficult to determine accurately 
hy volumetric analysis. A solution of the two oxides may be 
divided into two equal volumes; in one, the oxides are precipi- 
tated, washed, calcined, and weighed together ; in the other, the 
oxide of iron aloue is determined as we have just seen. The dif- 
ference of weights gives the alumina. 
10* 
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Tlie calcined mixture of oxide of iron and alumina 13 very 
diflcnlt to dissolve in concentrated acids, but is readily acted 
upon by the acid sulphate of potassium. The writer has in this 
manner frequently dissolved these oxides in the same state, ariH 
the same crucible, in which tjicy were after calcination. Thus 
pulverization was avoided, and the loss consequent to this opera- 
tion, because there is always a certidn amount of material sticking 
fast to the agate mortar. It is true that the pulverized portion 
collected may be weighed again, and the loss ascertained. The 
action of the f\ised acid sulphate of potassium, at a low red beat, 
upon the two oxides is very energetic, and should be made upon 
a gas burner, the flame of wliich may be regulated at will and 
rapidly. The mixture is also frequently stirred with a platinum 
spatula or wire. When the fnaion is complete, the crucible is 
allowed to cool off, and a new quantity of acid sulphate of potas- 
sium is added. By restoring the beat, the mixture is made homo- 
geneous, and we should not wait until all the excess of sulphuric 
acid has been expelled before we allow the contents to cool off, 
otherwise the sulphates will be difficult to dissolve. 

The exact separation of lime from magnesia is also difficult in 
one operation. There should be a certain amount of chloride of 
ammonium In the solution,- either added, or formed by the satu- 
ration of the acid liquor by ammonia, which is generally the case. 
The first precipitate of oxalate of calcium is dissolved in diluted 
hydrochloric acid, and the solution receives a new, but small, 
quantity of oxalate of ammonium, and is saturated with ammonia. 
The resulting second precipitate of oxalate of calcinm may be 
considered as being free from magnesia. The filtrate and wash- 
ings of this second precipitate are added to tbe former liquors 
containing magnesia, and should be concentrated if their bulk is 
too considerable. 

As tbe oxalate of ammonium should be added in excess, and 
as theiault isgenerally that of putting in too little of this reagent, 
it is advisable to add a little more of it to the filtrate separated from 
the oxalate of calcium, and to ascertain if further precipitation, 
takes place, or not. On the other hand, for the precipitation of 
the magnesia, too great an excess of phosphate of sodium should 
be avoided, because there may be produced a precipitate of a 
double phosphate of sodium and ammouium. But, in order to 
ascertain if a sufficiency of reagent has been added, a few drops 



Hosted =yG00gIe 



OOEMICAL ANALT8IS AND ASSAYING. 115 

ofpliosphateof sndium are poured into the filtrate separated from 
the precipitate of phosphate of ammonium and magnesium. If a 
new precipitate is observed, we add a little more of phosphate of 
sodium, collect the precipitate with the former, etc. 

Tliere is a case already mentioned in a former note, where the 
separation of lime from magnesia, cannot be efitcted directly by 
the oxalate of ammonium, that is, when the proportion of lime is 
only about tJtf of that of magnesia. The oxalate of ammonium 
fails to produce a precipitate. It is then necessary \o add 
sulphuric acid to tlic liijuor, which is concentrated if its bulk is 
too great. The oxalates of lime and magnesia are thus Irans- 
forraed into sulphate of calcium and magnesium, the former of 
which is Insoluble in alcoholic liquors. Alcohol is therefore 
added, until the solution becomes permanently turbid. The 
sulphate of lime separated by filtration, contains a certain amount 
of sulphate of magnesia. It is therefore necessary to redissolve 
it in water (which is notdiflicuitonaccoiint of the small quantity 
of precipitate), and to precipitate the lime by the oxalate of 
ammonium. 

There is no difficulty in transforming the oxalate of calcium 
entirely into caustic lime, when the laboratory Is provided with a 
gas blowpipe, with which the crucible and coatenfa may be raised 
at a white heat. Strongly calcined lime does not absorb water 
very rapidly, and may be weighed accurately. 

Silica, which, before drying, was iu the gelatinoua state, is 
generallypure, if the evaporation has been made on a steam-bath. 
Dried at a somewhat liigbor temperature, it may have combined 
with a certain quantity of oxides. It is, therefore, desirable to 
ascertain the purity of precipitated silica. This is done as fol- 
lows: The calcined silica should dissolTe entirely into a boiling 
and concentrated solution of carbonate of sodium. By cooling, 
the silica precipitates again. The operation is best performed in 
a platinum or silver capsule. 

This test should always be applied when the silica separates in 
flakes or in powder, without passing through the gelatinoua 
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II.— ORES CONTAIN"ING MAN"GAKESE. 

Several methods may be employed for analyzing 
these ores. All those which we shall refer to may be 
described generally as follows: the ore is first treated 
with acids, either directly, or after fusion with the 
alkaline carbonates; the solution, being separated by 
filtration from the silica, is deprived of precipitable 
metals, when present, such as copper and arsenic, by 
treatment with hydrosulphuric acid, then boiled 
with an excess of hydrochloric acid and a little nitric 
acid, or, better, with chlorate of potassium; the 
boiling is continued as long as there is any liberation 
of chlorine; in this manner all the manganese is 
changed into a protoealt of manganese, and the iron 
into the persalt of iron, which is indispensable for 
the carrying on of the remaining steps. These 
consist : — 

1st. In the treatment of the solution so as to 
obtain, on the one hand, a precipitate containing the 
peroxide of iron, alumina, and phosphoric acid, and, 
on the other, a solution containing the manganese, 
lime, and magnesia. 

2d]y. The treatment of the precipitate. 

8dly. The separation of the manganese and then 
the lime from the magnesia, and the determination 
of these bodies. 
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Separation of the Peroxide of Iron, Alumina, and 
Phosphoric Acid from the Manganese, the Lime, and 
the Magnesia. 

First Method.: by Ammonia, 

The liquid containing the diiFercnt oxides in solu- 
tion together with free hydrochloric acid is boiled, 
and chloride of ammonium is added, and then 
gradually an excess of ammonia, taking care not to 
pour in too much at once, that it may not arrest the 
boiling. The steam and ammonia which are libe- 
rated together prevent contact with the air, which 
muet be excluded, in order to avoid the precipitation 
of the manganese; this, in contact with oxygen, 
would be deposited as jieroxide of manganese. 
Continue to boil the liquid until the smell of 
ammonia is gone, replacing, from time to time, the 
water evaporated with boiling distilled water; then 
separate rapidly, by filtration, the precipitate formed 
of the oxides of iron and aluminium, carrying down 
with them the phosphoric acid; the manganese 
remains in the solution with the lime and magnesia. 
The separation is complete in one operation, if the 
proportion of manganese be small, and if the opera- 
tion have been carefully performed, otherwise a 
portion of the manganese remains with the oxide of 
iron and alumina. In this case, it is necessary to 
filter the precipitate, to wash it, in order to get rid 
of the greater part of the soluble matter, and then to 
dissolve it in hydrochloric acid. Having boiled the 
solution, we add ammonia ; that is to say, we repeat 
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the process employed with the first solution. The 
precipitate obtained is this time very free from 
manganese; the solution, when filtered, is added to 
that obtained at first. 

Second Method: by the Alkaline Acetates. 

The solution of the ore, when deprived of silica, is 
neutralized as exactly as possible by carbonate of 
aodium or ammonium; this has been effected when 
the liquid assumes a deep red tint. "We must be 
cautious that no precipitate takes place ; but, if one 
should unfortunately form, we must redissolve it by 
means of a few drops of hydrochloric acid with the 
aid of heat. Saturation being attained, we add to 
the liquid thus prepared an excess of the neutral 
acetate of sodium or ammonium, then boil until the 
precipitate which is formed collects and deposits 
readily as soon as ebullition has ceased. The pre- 
cipitate contains the peroxides of iron and aluminium 
in the state of basic acetates and phosphates ; it is 
washed in boiling water first by decantation, then on 
the filter, on which it is placed in order to separate 
it from the solution, in which the manganese, lime, 
and magnesia are contained. "We make sure that 
the separation is complete by redissolving the pre- 
cipitate in hydrochloric acid, and submitting the 
solution to the same process a second time. 

Third Method: by the Alkaline Succinates. 

Neutralize accurately the solution of the ore, in 
the same way as already described ; we may even 



Hosted =yG00gIe 



CHEMICAL ANALYSIS AND ASSAYIKO. 119 

precipitate a little of the peroxide of iron, provided 
the liquid keeps its deep red color, which shows that 
the greater portion is still in solution; to the liquid 
thus neutralized add a perfectly neutral solution of 
succinate of ammonium or of sodium, and then boil ; 
succinates of iron and aluminium, mixed with phos- 
phates, are deposited. Allow the liquid to settle, 
then filter, and wash the precipitate in cold water. 
Exact neutralization is the essential point of this 
method ; to obtain complete separation, it is indis- 
pensable to submit the precipitate to a repetition of 
the process. 

The succiDaies can now usually be obtained in commerce. 
Where this may not he so, tlie benzoates answer, that of sodium 
best, because it can be more easily obtained pure, from benzoic 
acid of commerce. In the treatment with, carbonate of barium 
it is necessary that the reagents employed be perfectly free from 
sulphuric acid. 

[The succinates are better tlian the benzoates on account of 
forming less bulky precipitates than tlie latter. The calcination 
of the succinate or of the benzoate of iron, requires to be made in 
a very oxidizing atmosphere, in order to prevent a reduction by 
the carbon of tbe organic acid. The benzoates contain more 
carbon than the succinates. The greater part of llie succinic or 
benzoic acid may he removed from the precipitate, by treating 
the latter, after it lias been washed as usual will, water, by 
ammonia, which dissolves the organic acid. This operation 
facilitates the thorougli calcination of the peroxide of iron.] 

Fourth Method: by Carbonate of Barium. 

The solution of the ore is saturated with carbonate 
of sodium till very little free acid remains; add then 
an excess of carbonate of barium, stir well, and let it 
act cold for 20 to 30 minutes, taking care to stir the 
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liquid frequently. Separate the precipitate by filtra- 
tion. This contains the peroxide of iron, phosphoric 
acid, and alumina, combined with the excess of 
carbonate employed. Wash with cold water; the 
filtered liquid contains, in addition to manganese, 
llmo and magnesia, a salt of barium produced by the 
reaction. 

[The protoxide of manganese in & solution as neutral as that 
■whicli contdna an excess of carbonate of barium, is very readily 
osidized. It is therefore advisable to operate the precipitation in 
a corked phial. If the carbonate of barium employed is tlie 
natural witherite, or has been calcined, the complete precipitation 
may require more than half an hour. Too slight an excess of 
carbonate of barium may cause tlie precipitation of a small pro- 
portion of manganese oxide with that of iron.] 



TVeatTTieni of the Precipitate containing the Peroxide of 
Iron, Alumina, and Phosphoric Acid. 

If we have operated in accordance with the first 
method, we may proceed to calcine the precipitate; 
and if we know, by volumetric assay, the weight of 
the peroxide of iron, and, by a special experiment, 
the weight of the phosphoric acid which it contains, 
wc can infer the weight of the alumina. "We may 
also redissolve it on the filter, and separate the oxide 
of iron from the alumina, by means of an excess of 
potassa, as already indicated in describing the 
analysis of ores free of manganese. If, operating by 
the second and third methods, we have exclusively 
used ammoniacal compounds to obtain neutralization 
and precipitation, we may also directly calcine the 
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precipitate, taking care to allow a current of air in 
order to avoid the reducing action of the organic 
acids. But if neutralization has been effected by 
means of carbonate of sodium or of potassium, or 
again, if we have made use of the acetate or succinate 
of sodium, it is to be apprehended that the oxides 
have retained alkaline salts, however carefully the 
washing may have been performed. In this case, 
we must redisBolve the still moist precipitate in the 
least possible amount of hydrochloric acid, and pre- 
cipitate it again with ammonia, or else treat the 
solution with an excess of potassa, in order to 
separate the alumina from the oxide of iron. 

80 far Bs tlie writer's experience goes, the separation of alumina 
and iron by caustic potassa is troublesome and not satisfactory. 
"Wohler'a method is greatly preferable, wliich is this : Neutralize 
tbe dilute solution of both bases with carbonate of sodium, add 
to it hyposulphite of sodium, and boil until sulphurous acid ceases 
to be evolved. The alumina collects as a pretty dense precipitate, 
whicb only needs to be washed, calcined, aud weighed. 

To the solution, afl«r concentration, add chlorate of potassium 
and hydrochloric aoid, filter to separate free sulpliur, and then 
precipitate the iron by ammonia. Parnell has described another 
method, hut probably not as good as the above. 

Iron may be also separated from alumina aa a volatile chloride 
by just passing hydrogen over the oxides, heated bright red (in 
a boat), in a porcelain tube, and then passing dry chlorine over 
thera. For every-day analysis this method (even if absolutely 
exact, wliich we do not know that it is) may prove too tedious, 
however. 

The carbonate of barium employed in the foarth 
method renders the operation a little longer. The 
precipitate is redisaolved on the filter by means of 
dilute hydrochloric acid; the filter is then washed 
with warm water, slightly acidulated with the same 
11 



Hosted =yG00gIe 



122 A PRACTICAL MANUAL OP 

acid, and the filtrate is diluted; after boiling, the 
baryta is precipitated with dilute sulphuric acid. 
Let it stand, separate the sulphate of barium by 
filtration, and then precipitate the oxides of iron and 
alumina and the phosphoric acid they bring with 
them, by the aid of ammonia. Filter, wash the pre- 
cipitate, and calcine. If the ore were sulphurous, 
with the oxides and the carbonate of barium of the 
first precipitate, there would also be a small quantity 
of the sulphate of barium, which would not, however, 
interfere with the rest of the operation. 

This is not quite the writer's experience. If sulphate of barium 
be formed in any way, wlietlicr by sulphuric acid derived from 
oxidized sulphur in tlic ore, or from imparity in the reagents, it 
appears to lake up a minutfi quantity of iron, from which it caa- 
not be freed unless after decomposition. 

[The washed and calcined aulpiiate of barium is treated with 
hot and concentrated hydrochloric acid, which will eliminate the 
iron and some other impurities. The solution is then diluted with 
water, two or three drops of sulphuric acid are added, and the 
sulphate of barium is separated by filtration. The addition of a 
few drops of sulphuric acid isinlended to precipitate the chloride 
of barium formed by the action of hydrochloric acid upon the 
sulphide of barium often found In the sulphate, and resulting from 
the partial rednction of the latter, during calcination, by loose 
fibres of the filter, or some other cause.] 



Treatment of ike lAquid containing Manganese, lAtne, 
and Magnesia. 

If we have used carbonate of barium for the pre- 
cipitation of the iron, the liquid will also contain a 
salt of barium; in this case, before submitting the 
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liquid to either of the following prooesaea, we nmat 
get rid of the baryta by means of dilute aulphuric 
acid. 

First Method: by Hydrosulfhide of Ammonium. 

The clear, colorless liquid is poured into a conical 
(or silver asaayer'e) matrass and heated slightly; add 
chloride of ammonium, if it do not already contain 
that, in consequence of the employment of ammonia 
or a salt of ammonium for the precipitation of the 
iron ; then precipitate the manganese with the 
hydr osulphide of ammonium. The addition of 
chloride of ammonium ie intended to assist in the 
precipitation of the su]phuret of manganese. If the 
separation of the iron has been well efi'ected, the 
precipitate should be of a very clear rose-color; the 
least trace of iron left in the solution is attended 
with a gray tint, more or less deep, or even with 
blackness, if the proportion of iron be considerable. 
After precipitation, close the matrass with a cork 
or a watch-glass, and let it stand for twelve hours 
in a warm place,* It happens sometimes that 
during this period the precipitate assumes a greenish 
tint ; this change may be accounted for by the fact 
that the sulphuret of manganese, which is hydrated 
at the moment of precipitation, loses some of its 
water of hydration after a more or less extended 
period. 

The filtration and washing of the precipitate must 

* Tliis prolonged repose is necessary for Uie complete precipi- 
iation of the manganese. 
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be effected with certain precautions. Filter oft' the 
clear liquid from the precipitate, and add the latter 
to an aqueous solution of chloride of ammonium, to 
which some drops of the hydrosulphide have been 
added ; let it settle for a while, decant again upon 
the same filter, and add the filtrate to the solution 
first decanted; repeat the washings several times, 
then, having collected all the precipitate on the filter, 
wash it with distilled water containing a little 
of the hydrosulphide and chloride of ammonium; 
diminish the amount of the !atter as the washing 
proceeds, and towards the end of the washing sup- 
press it entirely. We must take care that during the 
washing the precipitate be not too long in contact 
with the atmospheric air, in order to avoid a small 
quantity of thesulphuret of manganese becoming 
oxidized and changing into the protosulphate, which, 
being soluble, would be carried over in the filtration. 
The addition of the hydrosulphide of ammonium is 
to prevent this oxidation. Nevertheless, we should 
take care to keep the filter constantly nearly full, 
and to cover the funnel with a glass plate. The 
funnel must be large enough, and have a ground 
edge. 

The firet of the filtered liquid is generally some- 
what turbid; in this case, we should filter until the 
liquid flows clear, and then change the jar which 
receives it, and throw back the turbid portion upon 
Ihe filter. The washing being ended, dry the pre- 
cipitated and calcine it with the precautions indicated 
already, or else treat the precipitate and the filter 
with dilate hydrochloric acid, avoiding an excess ; 
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the sulphuret of manganese is changed into the 
soluble chloride, and hydrosulphnric acid liberated. 
Heat until the latter has been completely driven off, 
and filter to get rid of the matter (sulphur and fibres 
of paper) in suspension. Add to the filtered and 
boiling liquid some carbonate of sodium, in very 
small quantities at a time, to avoid effervescence 
arising from the liberation of the carbonic anhydride, 
until, by means of strips of reddened litmus paper, 
we ascertain that the liquid has acquired an alkaline 
reaction ; then leave the precipitate of protoearbonate 
of manganese to settle. After two or three washings 
by decantation with hot water, throw it on a filter 
and continue the washing; this effected, dry the 
carbonate, calcine it strongly in contact with the air, 
and then weigh. By calcination the carbonate or 
sulphide, by the action of the oxygen of the air, is 
converted into the intermediate oxide of manganese 
{manganoso-manganique). 

[The transformation, of the sulphide of manganese intomanga- 
noso-manganic oxide, Ly direct caloinaUon, is made only when 
the quantity of sulphide is small.] 

The liquid deprived of the manganese sulphide 
being heated to boiling, pour in nitric or hydro- 
chloric acid in small proportions at a time until the 
complete decomposition of the hydrosulphide of 
ammonium (which we ascertain by the smell), filter 
the liquid to separate the sulphur deposited, neutralize 
with a little ammonia, separate the lime and magnesia 
according to the method indicated already, precipi- 
tate the first with oxalate of ammonium, and the 
second with phosphate of sodium, in the presence of 
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a large proportion of free ammonia; the liquid con- 
tains, as a result of the process, the necessary amount 
of chloride of ammonium. 

Second Method: with Chlorine Gas. 

To the clear, neutral, and sufficiently diluted solu- 
tion containing manganese, lime, and magnesia, add 
(if there be not already su^cient present) some 
acetate of sodium, raise to a temperature of from 50° 
to 60° Cent., then pass through it to saturation a 
current of washed chlorine gas. The manganese is 
partly precipitated ih the state of hydrated peroxide ; 
when the liquid is saturated with chlorine, add an 
excess of ammonia to insure the complete precipita- 
tion of the manganese; boil the liquid until the free 
ammonia has completely disappeared. Filter and 
wash the precipitate, and as it retains akaline salts, 
which during the calcination would occasion the 
transformation of some of the oxide of manganese 
into manganic acid, redissolve it in boiling hydro- 
chloric acid, and precipitate the liquid thus obtained 
with carbonate of sodium, as indicated in the pre- 
ceding method.* The lime and magnesia remaining 
in the liquid are treated in the usual way. 

Eose does not recommend this method, if, as is 
most generally the case, the solution contain salts 
of ammonium ; ho apprehends the formation of 
chloride of nitrogen, a most formidable explosive 

• It is always an advantage in operating witli manganese to 
make sure of its complete precipilation hj means of the hydro- 
sulpliide of ai 
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compound. We have never observed this, and are 
of opinion that chloride of nitrogen, being a combi- 
nation which decomposes easily in contact with a 
number of foreign bodies, is not likely to remain if 
it be formed in the present instance. Instead of a 
current of chlorine gas, we may employ water satu- 
rated with chlorine. 

Third Ileikod: with Bromine. 

Properly speaking, this is only a modification of 
the preceding method: the cold liquid separated from 
the peroxides of iron, etc., is rendered very alkaline 
with ammonia; some drops of bromine are added, 
or, still better, a certain quantity of bromine water, 
and it is left to rest for twenty-four hours in a 
corked matrass. After this time, if the liquid con- 
tain free bromine, add ammonia, heat and filter; 
wash the precipitate, and if there be no salt with 
alkaline base present, we may directly calcine the 
peroxide of manganese, in order to transform it into 
the intermediate oxide {manganoso-manganique); if 
alkaline salts be present, we must redissolve it with 
hot hydrochloric acid, and precipitate it with the 
usual precautions, with carbonate of sodium. 

The carbonate of manganese thus obtained does 
not retain the alkalies with as much energy as the 
peroxide ; we must take care to employ the carbonate 
of sodium in as slight an excess as possible. 

The same method as already given will serve for 
the separation of lime and magnesia. 
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[The precipitation of the manganeBe may also be effected as 
follows: To the neutral filtrate separated from the precipitate of 
iron oiide and alumina by the treatment with acetate of sodium, 
add a few dropa of acetic acid aud bromine, and boil nntil the 
bromine smell disappears.] 



Remarks. 

1st, It may happen that we only desire to ascertain 
the amount of manganese in an ore. 

In this case it is sufficient to treat the liquid 
obtained by the action of the aeida upon the ore with 
acetate of sodium, without regarding the insoluble 
matter it may contain. After the reaction, condueted 
in the manner already described, filter, and in the 
liquid thus obtained, deprived of the peroxides of 
iron and aluminium, precipitate the manganese in 
accordance with any one of the methods previously- 
described. 

2d. When the ore contains zinc the latter is pre- 
cipitated with the manganese, if we operate in 
accordance with the first method ; in this case we 
must subtract from the weight of the manganoso- 
manganie oxide thus obtained the weight of the 
oxide of zinc. This is to be found by a special assay. 
In the second and third methods the zinc remains in 
the solution with the lime and magnesia. Before 
precipitating these two bases, we get rid of the excess 
of chlorine s'r bromine by boiling, and separate the 
oxide of zinc by the hydrosulphide of ammonium, 
following precisely the process before indicated for 
the precipitation of the manganese. 

3d, We can determine the amount of manganese 
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very rapidly if the ore contain neither lime nor 
magnesia, or contain so little that we may diaregard 
them; in this case, we treat the liquid deprived of 
the iron and alnmina hy means of the acetate of 
sodium, directly with the carbonate of sodium. 



III.— DETERMINATIOK OF THE LOSS BY 
CALCINATION. 

The loss of weight that an ore sustains by caleina^ 
tion is due to the evaporation of water, the liberation 
of carbonic anhydride, in consequence of the decom- 
position of carbonates, or to the combustion of organic 
matter. The presence in the ore of the protoxides 
of iron and of manganese, or of the sulphides, pre- 
vents our considering the loss by calcination as 
exactly expressing the proportion of water, organic 
matter, and carbonic anhydride united; in fact the 
protoxide of iron, passing by calcination in contact 
with the air, into peroxide, compensates by the 
increase of weight thus induced for a part of the loss 
sustained by the ore during ' the operation ; the 
sulphides, on the other hand, passing into oxides 
increase the loss; the presence of manganese also 
falsifies tlie calculation of the loss by calcination. 

The operation is eifected as follows: Weigh, in a 
small weighed capsule with a flat bottom, about two 
grammes of very finely powdered ore, then beat the 
capsule gradually to bright redness in a muffle ; after 
some time withdraw, eool it in the drying bell, and 
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weigh. To make sure that the calcination be com- 
plete, heat again for a quarter of an hour, and repeat 
the weighing. If necessary, repeat the process several 
times, until the two last weighings agree. Generally 
speaking, it is sufBcient to know the total loss pro- 
duced by calcination, but it may be of importance 
to know the actual quantity of water and carbonic 
anhydride comprised in this loss. If so we must 
have recourse to special assaya, which we shall 
describe. 



IV.— ASSAY FOE "WATER. 

An ore may contain water, either absorbed hygro- 
scopically or in chemical combination. "We must 
ascertain separately the quantity of water in each of 
these conditions. 

Determination of Water not in Combination. 

When an ore is too moist to be directly pulverized, 
the amount of hygroscopic water is ascertained by 
two successive operations. Take one or two kilo- 
grammes of the ore grossly powdered with the 
hammer, spread it on an iron dish or plate with 
raised edges in a warm place, the temperature of 
which we can regulate by the thermometer, and 
which should not exceed 100° Cent. Stir the mass 
occasionally with a spatula, and when deemed suffi- 
ciently dry weigh again, and then pulverize the ore 
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finely for further experiment. The ore atill coutaiiia 
some hj-groscopic water; to ascertain the amount, 
weigh two or three grammes of pulverized ore in a 
platinum capsule with a flat bottom, and subject 
them for a sufEicieiit time to the temperature of 100° 
Cent, in an oven where the air is constantly renewed. 
Then cool in the drying bell, and weigh again. To 
be certain of the accuracy of the result — that is to 
say, of the complete driving off of the water— it is 
necessary to repeat the process till two consecutive 
weighings agree. In many industrial laboratories, 
the ore is dried until capable of being pulverized, 
and no account is taken of the loss it sustains by 
this treatment; it is then submitted to volumetric 
assay, and the figure thus obtained is considered to 
represent the real amount of iron. It is obvious that 
experiments made under these conditions are defi- 
cient in accuracy in two respects. "We do not know 
the contents of the ore as it is, nor its contents after 
desiccation at 100°. This last must be viewed as 
the truest, for it is the only state which i 
constant, and upon which the further } 
which the ore is subjected have no infiuence. 

The quantitative determination of the iron sup- 
posed to be contained in an ore is made with a por- 
tion of the substance more or less dried ; the richne^ 
of the damp ore is calculated by the iron found in 
the dried ore, and on the proportion of water it 
lost by desiccation. For instance, an ore containing 
22 per cent, of hygroscopic water, and in its dry 
state 34 per cent, of iron, when damp would only 
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contain '^"'^"^^' ^' per eeiit. — that ie, 26.32 per cent, of 
thia metal. 

Determination of Water in Chemiaal Combination. 

It ia evident tliat if the ore contain neither 
carbonic acid nor organic matter, nor sulphides, nor 
protoxide of iron, nor oxide of manganese, the pro- 
portion of water in combination can be very easily 
obtained by subtracting from th^ loss which the ore 
sustains by calcination the amount of hygroscopic 
water found in it by simple desiccation. This is, 
however, an exceptional case, and we are generally 
obliged to have recourse to direct weighing in order 
to obtain the amount of water of combination. 

The general process is as follows: The ore is placed 
in a tube of refractory German glass, and heated in a 
current of dry atmospheric air ; the water evaporated 
ie carried off and retained in a tube of dry chloride 
of calcium, accurately weighed beforehand. By the 
increase in weight of the absorbing apparatus, we 
learn the weight of the water. In order to obtain 
accurate results, the apparatus (Fig. 9), and the 

Fig. 9. 



accompanying method of operating, are, in our 
opinion, the best: a is a small tube containing 
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sulphuric acid, and intended to control the rapidity 
with which the air travereea the apparatus; it is a 
tube, U-shaped, filled with chloride of calcium ; it 
serves to dry the air completely before that reaches 
the ore. The ore is contained in the ball of the tube 
ce', made of refractory glass, narrowed and bent in d, 
as the figure indicates ; e is a tube containing chloride 
of calcium in small fragments. A current of air is 
sent through the apparatus by placing it in commu- 
nication at e with an aspirator, consisting of a large 
bottle full of water, which is emptied by a siphon. 
The aspirator bottle is similar to that often used for 
keeping distilled water (see Pig. 1), A small tube 
filled with chloride of calcium is adapted to this 
aspirator to prevent any vapor from the water enter- 
ing tube e; a screw clip-cock regulates the flow of 
the water. "We operate as follows : In a glass tube 
closed at one end, and smaller than tube c, weigh 
from two to five grammes of the ore; then introduce 
the open part of this tube into tube c, and by shaking 
slightly while turning the tube between the fingers, 
cause the ore to fall into the ball, taking care that it 
does not go beyond it. "Weigh tube e, furnished with 
a cork that serves to unite it to c, then join the 
difterent parts of the apparatus by means of corks 
and caoutchouc tubes ; bring the aspirator into play, 
and heat the ore gradually and slowly with a spirit 
lamp or Bunsen gas flame. Move the lamp gradually 
as far as d in order to expel the water beyond the 
narrow part, then separate c' from c either by a stroke 
of a file at d, or by fusing to a neck the glass at the 
narrow part by the blowpipe, and weigh e' and c 
12 
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together; then separate the two, wash and clry c', 
and weigh it in its turn. By means of these data 
we easily determine by the dift'erenee the weight of 
the water driven oft' from the ore. If the ore has 
been previously dried at 100*^, this weight is the 
weight of the water in combination ; in the opposite 
case we should allow for the proportion of hygro- 
Bcopic water. 



v.— ASSAY FOR CARBONIC ANHYDRIDE. 

Carbonic anhydride is found in ores, in combina- 
tion with different oxides. The principle of the 
method usually employed to ascertain its proportion 
is as follows: Put a known quantity of the ore to be 
tested in on« part of a small glass apparatus, suffi- 
ciently small and light to be placed on the balance 
pan, and consisting of two separate vessels capable 
of communicating with each other. Place the 
weighed ore in one vessel, and pour some strong acid 
into the other, and unite the two; the carbonic 
anhydride is expelled, and if care has been taken to 
prevent the escape of any vapor with it, and to 
secure its complete expulsion from the apparatus at 
the conclusion of the operation by drawing through 
a current of air, we are enabled to ascertain its 
amount by the difi'erenee in weight. This very 
simple method gives sufficiently accurate, results. 
"We cannot give the details of all the apparatus pro- 
posed to be used for this purpose. Mohr's apparatus. 
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as modified by Bunsen, is, by construction, easily 
handled, and very suitable. 

This apparatus (Fig, 10) consists of a small glass 
flask, furnished with an S-sliaped tube, with a ball in- 



FJg. 10. 




tended to contain the acid required for the decompo- 
sition of the carbonates, and a small tube for chioride 
of calcium, bent downwards to make the apparatus 
more compact, and render it easier to weigh. Put a 
weighed quantity of the ore into the flask with a 
little water; the less carbonic anhydride contained 
in the ore, the more ore we should employ. Affix 
the drying tube and the 8 tube, having filled the 
ball of the latter with ordinary nitric acid. Then 
dry the apparatus externally, carefully with a dry 
cloth, and weigh it, By drawing (with the mouth) 
the air from the tube containing the chloride, we 
cause a little of the acid to enter the fiask; after 
effervescence has abated, cause more acid to enter, 
and continue this until no further effervescence be 
produced by the addition of the acid ; then heat 
gently, and suck with the mouth again through the 
tube containing the chloride, in order to cause a 
small current of air to pass into the flask, and expel 
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from it the least trace of carbonic anhydride. Cool 
the apparatus, dry it, and weigh after an hour. 



VI.— ASSAY FOR THE PROTOXIDE OF I'RON. 

The simplest way to make this assay is to employ 
the volumetric method by permanganate of potassium 
aa in the case of ores. All oxidizing action should 
be avoided during the process of solution, which is 
to be efteeted by means of hydrochloric acid only 
{care being taken not to employ too great an excess) 
in a flask through which a current of carbonic 
anhydride is passed to prevent access of the atmos- 
phere. 

A more practical method, especially if- one has 
several assays to make together, is to put into the 
flask with the ore a small portion of crystallized 
carbonate of potassium or of sodium ; under the 
influence of the acid, the carbonate will cause the 
liberation of carbonic gas, which will rapidly expel 
the air from the flask.. This should bo furnished 
with the stopper and valve before described. The 
solution being obtained, add some sulphuric acid to 
expel the greater portion of the hydrochloric acid ; 
heat to assist its liberation. Dilute with cold water, 
and transform the protosalt into the persalt by means 
of the standard solution of permanganate, the volume 
of which employed will then indicate the quantity 
of the protoxide contained in the ore, "We might 
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also (letermine in addition the amount of the peroxide 
of iron by means of chloride of tin, and knowing the 
total content of iron of the substance, infer the 
quantity of the protoxide. The results furnished by 
the latter method have the advantage of not being 
influenced by the presence of hydrochloric acid, and 
thus the use of sulphuric acid to expel it is unneces- 
sary. 

[Tliis method, to be practicable, requires tliat the orea should 
be easily dissolved in hydrochloric acid, and Bboold contain no 
oxide of manganese of a, higher degree of oxidation than the 
mnnoxide. Manganiferous ii'on ores generally contain the man- 
ganese at a higher degree of oxidation, and consequently by tlie 
treatment with acids, the protoxide of iron is peroxidized, and 
the analysis is of no value. 

If tlie ores are difficult to decompose with hydrochloric acid, it 
is difBcalt to efl'ect their solution entirely 'williout the coulaot of 
tlie air. 

Ores, or products of art insoluble in acids, hiay be decomposed 
by treating them witli hydrofluoric acid, in an apparatus through 
which steam and carbonic anhydride are passing. They may 
also be fused ■wilU powdered glass of borax in a closed platinum 
crucible, held itself within one or two other crucibles filled 
with calcined magnewa, in order to avoid the contact of the air. 
The fused product, or an aliquot part of it, is then dissolved in 
hydrochloric acid within a yessel filled with carbonic anhydride. 
These operations require a great deal of care, aud are more 
adapted for sclentilic determinations of compositions of minerals 
than for practical every -day work. 

There are other metliods by which the perchloride of iron is 
determined by means of metallic copper or silver, and the proto- 
cbloride is ascertained by difltrence, after the whole amount of 
irira in the solution is known. For these we refer the reader to 
larger analytical works.] 

12« 
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VII.— ASSAY FOR PHOSPHORIC ACID. 

Remark. — Arsenic behaving generally like phos- 
phorus, its presence in the ore requires a slight 
addition to the different methods about to be 
described : the liquid when deprived of silica must 
be boiled after the addition of the sulphurous anhy- 
dride or sulphite of sodium to reduce the arsenic acid 
to the state of arsenious acid. "When the boiling has 
been contiimed until the smell of sulphurous anhy- 
dride has completely gone off, precipitate the arsenic 
as a sulphide, by means of a current of liydroaulphuric 
acid, filter, and in the filtrate solution ascertain the 
quantity of phosphoric acid by one or other of the 
methods novr to be described. The reduction of the 
arsenic acid and the persalts of iron by sulphurous 
anhydride or sulphite of sodium, has the advantage 
of being more rapid than that effected by hydrosul- 
phuric acid; the production of a large quantity of 
free sulphur which would go down with the precipi- 
tate of sulphide of arsenic is thus also avoided. 

First Method: by the Sulphite of Sodium. 

Add to the solution of the ore deprived of silica 
some sulphite of sodium, in order to bring back the 
persalt of iron into the state of a protosalt. When 
the reduction is nearly finished (which we recognize 
from the loss of color in the liquid), boil, to obtain 
the complete expulsion of the sulphurous anhydride 
whether free or in combination ; for this purpose we 
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must use an excess of hydrochloric acid, which also 
prevents the precipitation of basic salts in conse- 
quence of the ebullition; ae soon as the liquid boils 
drop in some solution of the per chloride of iron in 
such proportion as will enable the oxide of iron, of 
which it contains the elements, to supersaturate that 
and the phosphoric acid contained in the ore, being 
cautious as to a too great excess. We know that 
the amount of the perchloride is sufficient, when the 
precipitate assumes a decidedly red-brown color, a 
color which the phosphate of iron does not possess, 
and which arises solely from an excess of the oxide. 

The surest plan is to make use of a standardized 
solution of the perchloride of iron, containing 15 
milligrammes of iron to each cubic centimetre, and 
to employ of this solution as many cubic centimetres 
as shall result from the multiplication of the supposed 
quantity of phosphoric acid present expressed in 
hundredths, by the number of grammes of ore 
employed. 

The precipitate mentioned above contains all the 
phosphoric acid united with the oxide of iron and 
alumina, but exempt from lime, magnesia, and 
manganese ; exempt, also, from too great an excess 
of the oxide of iron, this having remained in solution 
in the condition of a protosait of iron. Filter while 
hot; the liquid passes clear at first, but is soon dis- 
colored by the oxidation of the salt of iron, which is, 
however, of no importance. 

The precipitate collected on the filter is dissolved 
by means of hydrochloric acid: to its solution add 
tartaric acid, chloride of ammonium, and a great 
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excess of ammonia; the latter will produce no preci- 
pitate if care has been taken to employ a sufficient 
quantity of tartaric acid. Finally, by tbe addition 
of sulphate of magnesium we precipitate the phos- 
phoric acid in the state of a double phosphate of 
ammonium and magnesium. Stir the fluids with 
a glass rod, avoiding contact with the sides of the 
vessel for the reasons given already in reference to 
the quantitative analysis of magnesia. 

It is scarcely possible to avoid stirring a solution In a precipi- 
tating jar wiiliout touclilnE its sides more or less witii tlie glass 
rod. It, moreover, may be remarked that where the amount of 
magnesia preaent Is small, or under some circumstances is 
reluctant lo precipitate, this may be much promoted (as WoUaston 
long ago pointed out) liy drawing a glass rod over the inner 
surface of tlie glass vessel. 

If the glass surface Xk itept quite free from actual scratches, the 
adherence of some of the minute crystals of tlie double phosphate 
to thepoints touched by the glass rod is really of little importance. 
They can generally be detaclied by water and shaking ; or if not, 
by gentle rubbing with the end of a bit of clean wood, which is 
carefully washed afterwards. 

The precipitate filtered after twelve hours' rest, 
and washed with ammonia water, still retains a small 
quantity of foreign bases; to get rid of these, we 
must redissolve it in hydrochloric acid, add to this 
solution a little tartaric acid, and precipitate again 
with ammonia. Filter, wash, and weigh after care- 
ful calcination. 

According to Fr^s^nius, the second solution of the 
double phosphate, followed by a second precipitation 
with ammonia, is more injurious than useful, as 
involving a loss in the phosphate of magnesium, of 
which the quantity is never very great. 
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[The experience of the writer, and we believe, of other 
chemists, is that the presence of tartaric acid aometimes prevents 
tlie precipitation of the piiosplioric acid. 

Citric acid lias heen propoaeii aa a substitute, and Frfsfcius 
gives the foiiowing inetliod, applicable to iron ores and to tlie 
analysis of the metal itself. The liydrochloric solution is deoxi- 
dized by the sulphurous anhydride or the sulphite of sodium, and 
then boiled until all sulphurous smell is gone. When cold, the 
liquor is neutralized by ammonia, aceiateof ammonium or sodium 
is added, and the whole is brought to a, boil. 

If no red precipitate lakes place, a few drops of chlorine or 
bromine water or of perehloride of iron, are added, until we 
obtain a red precipitate, which contains all the phosphoric acid 
combined with alumina and peroxide of iron. 

This precipitate is immediately collected upon a filter, wliilo 
the liquid is hot, afterwards dissolved in hydrociiioric acid, and 
citric acid, then ammonia, and sulphide of ammonium are added 
to the middling warm solution. A precipitate of sulphide of iron 
is formed, which collects more easily in a warm liquor than in a 
cold one, especially when organic substances such as tartaric or 
citric acid are present. 

The sulphide of iron is collected upon a filter, and the filtrate 
(holding alumina and phosphoric acid) and washings are boiled 
down, with contact of the air, in order to separate the sulphur. 
After filtration, the phosphoric acid is precipitated with the ordi- 
nary magnesia mixture. ] 

Before proceeding to assay either iron ore or metal for phoa- 
phorua (or indeed for any other possibly present or absent body), 
the existence of the particular body should be insured by some 
qiuiiitative testing, the methods for which are to be found in the 
various standard woriis on Analysis, and need not be here 
repeated. As, however, tUe presence or absence of phosphorus 
in iron or its ores is a matter of high melaiinrgic import, such 
qualitative examinations have lo be oi^en repeated, and with care. 
It seems worth mention that M. Salet states tliat phosphorus in 
either stee! or iron may be recognized by spectroscopic examina- 
tion of the hydrogen given ofl' by their solution in hydrochloric 
acid. This method may be applied to iron ores by bringing a 
small portion to the state of metal by ignition in a current of dry 
hydrogen, or by direct fusion. 
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Second Method: by fusion with the Alkaline 
Carbonates. 

The ore is fused with four to six times its weight 
of sodic carbonate of potassium; the fused mass is 
treated with hot water until its complete disintegra- 
tion; by these operations the phosphoric acid which 
has combined with the alltaline bases passes into the 
liquid and leaves in an insoluble state the oxides of 
iron, the alumina, and the oxides of the other bases 
which existed in the ore. These matters being 
sepai-ated by filtration, the filtered liquid is neutral- 
ized by means of hydrochloric acid, then evaporated 
to dryness in order to obtain the silica iu an insolu- 
ble form ; the residuum is treated with watei-, which 
redissolves everything except the silica. Filter, and 
in the filtrate previously mixed with ammonia and 
chloride of ammonium, precipitate the phosphoric 
acid by means of the sulpliate of magnesium. 

The operation is completed in the manner already 
detailed, 

[If tbe proportion of silica in the ore be small, and that of 
alumina comparatively great, the alkaline EOlution ma; contAin 
alumina, which Tvill remain in tlie liquors and will be precipitated 
alongside with the phosphoric acid by the above process. In 
Buclk case, it is necessary to add to the ore a certain quantity of 
finely divided silica (that kept from former analyses will answer 
well), which, during the treatment with the sodic carbonate of 
potassium, will form a double silicate of aluminium and sodium 
(or potassium) insoluble in water. The alumina may be pre- 
vented from precipitating by adding citric or tartaric acid to the 
hydrocliloric solution, after its separation from the siiica.] 
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Third Method : by Tin. 

The ore ia disaolved with nitric acid only ; dilute 
the solution with water, and filter to separate the 
silica; add concentrated nitric acid to the filtered 
solution, then put into it a known weight of lami- 
nated tin, the weight of which should represent 8 to 
10 times the probable weight of phosphoric acid 
contained in the ore; heat until all the tin be 
oxidized and the litiuid clears easily when left at 
rest, hy letting the oxide deposit. The tin, com- 
pletely reduced to oxide, carries with it the phos- 
phoric acid in combination; both these compounds, 
the oxide and the phosphate of tin, are insoluble in 
nitric acid. 

The precipitate is thrown on a filter, washed, and 
calcined, carefully avoiding all reducing action; it 
is then weighed, and by subtracting from its weight 
the weight of the peroxide of tin corresponding to 
the tin which has been dissolved from the laminated 
tin employed,* we obtain the weight of the pitos- 
pboric acid. 

The solution of the ore should be quite free from 
hydrochloric and sulphuric acids. 

This method being in some respects doubtful, it is 
better to modify it in the following manner: add to 
the nitric solution a sufBeient quantity of tin, the 
weight of which is not necessarily known. When 

* This weight is determined either by calculation (one part of 
tin gives 1,2713 part of anhydrous oxide) or, if preferred, by a 
previous experiment, tin not being In general absolutely pure. 
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the peroxide of tiQ which forms is well deposited, 
wash it aevcral timea by deeantation, always pouring 
the decanted wash liquid through a filter. After 
sufficient washing, place the oxide in a platinum 
capsule, dissolve it by a moderate heat with a small 
quantity of a concentrated solution of caustic potassa. 
Dissolve also with a little caustic potassa the per- 
oxide adhering to the filter, and unite the liquids ; 
they should be limpid ; saturate with a current of 
hydrosuiphuric acid; in this manner the oxide ia 
changedintoasulphide, which, owing to the sulphide 
of potassium simultaneously formed, remains in 
solution. Precipitate the sulphide of tin, by adding 
acetic acid or dilute sulphuric acid until a slight 
acid reaction is found; allow the precipitate to settle 
and then filter. The filtrate contains phosphoric 
acid in the state of phosphate of potassium ; precipi- 
tate the phosphoric acid by sulphate of magnesium 
in the presence of chloride of ammonium, and an 
excess of ammonia, as before directed. 

Fourth Method: by the Molybdate of Ammonium. 

The solution obtained by the action of hydrochloric 
or. nitric acid on the ore, when separated from the 
silica, is concentrated, if necessary, by evaporation to 
a volume of about 10 c. c, then poured into an excess 
of molybdic solution, prepared as indicated under 
that reagent (Part I.). This solution should be in 
such a proportion as to contain at least thirty times 
aa much molybdic anhydride as tliere is phosphoric 
acid in the solution of the ore. Stir the liquid with- 
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out touching the aides of the vessel, then let it stand 
at a temperature of from 30° to 40° Cent., from 
twelve to twenty-four hours. A yellow precipitate 
forms, wliich is separated by filtration, washed with 
rnolybdie solution, diluted with its own volume of 
water, and reSis9oIved afterwards on the filter with 
the aid of ammonia. Pour into this ammoniacal 
solution a solution of sulphate of magnesium, which 
precipitates the phosphoric acid in the ordinary form 
of double phosphate of ammonium and magnesium. 

The precipitation of phosrlioric acid fay molybdate of ammonium 
is not unfrequently uncertain in result if certain conditioua not 
sufficiently referred to in the text be not attended to. 

An aqueous solution of molybdate of ammonium is to be pre- 
ferred to that in nitric acid commonly employed. Its strength 
is but from 50 to 60 grammes to the litre of water. Phosphorus 
is not precipitated by this reagent from neutral solutions, and oa 
the other Land strongly acid solutions retard or even resist pre- 
cipitation. 

The following are M. J. Parry's instructions for the precipita- 
tion, to the accuracy and value of which the writer can t«6tify : 
Add ammonia to the solution until complelfi precipitation of per- 
oxide of iron. Add cautiously as much nitric acid as is just 
sufficient to redlssolve the precipitated peroxide. Bring the 
solution to boil, and add tlie molybdate of ammonium in the pro- 
portion of about SO cubic centimetres to the i litre of iron solu- 
tion, which should be contained in a flask (or a little more, if it 
be very rich in phosphorus). The usual yellow crystalline pre- 
cipitate may appear at ouce, but if not, boil briskly again for a 
few minutes, add a very few drops of nitric acid, and shake the 
closed flask vigorously at intervals, and continue to add a drop 
or two more of nitric acid, until a distinct precipitate is observed 
to commence. The ebullition must now be stopped, or a bulky 
flocculent precipitate will rapidly form ; but the flask should be 
kept Lot and as near to the boiling point as possible (without 
actually boiling), and shaken briskly now and then. In from an 
hour or two to four or five hours the whole of the phosphorus 
13 
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■will nsualljf have precipitated in a good granular form. If these 
details be fully observed it is seldom Decessary to repeat the pro- 
cess in order to obtain the whole of the phosphorus present. 

[Some persons determine the amount of phosphorus from the 
weight of molybdo-phoaphate of magnesium obtained. Tliia is 
not accurate, as the composition of the precipitate varies with the 
mode of operation. The precipitate should be redissolved in 
ammonia, and the phosphorus determined in the or^nary form 
of double phosphate of ammonium and magnesium.] 



Hemarh 

Instead of ascertaining the amount of phosphoric 
acid directly from the ore, it is sometimes preferable 
to determine the phosphorus in the cast-iron obtained 
by the dry method. The reason generally why we 
wish to know the quantity of phosphoric acid con- 
tained in an ore is the influence that its presence 
exerts on the quality of the pig and bar iron produced 
from the ore. N'ow as all the phosphorus of the ore 
does not pass into the pig-iron made from it, we are 
disposed to thint that the last-mentioned method 
gives results of a more practical character than those 
obtained by the direct assay of tlie ore. We refer 
those who share this opinion to the subsequent 
article — Determination of Phosphorus in Cast-iron. 

AVe must, however, remark that the proportion of 
phosphorus found in cast-iron, obtained by crucible 
operations, is generally much less than that found in 
pig-iron produced by the treatment of the same ore 
in the blast-furnace — ■&, consideration which is in 
favor of the direct determination of the phosphoric 
acid in the ore itself. 



Hosted =yG00gIe 



CHEMICAL ANALYSIS AND ASSAYING. 



VIIL— ASSAY FOR SULPHUR. 

Sulphur is usually found in the ore in the state of 
sulphide, but oecasionally it is also found— at least 
partially— as sulphate of calcium or of barium. To 
ascertain the proportion of sulphur in the condition 
of a sulphide, we must by oxidation change it into 
sulphuric acid. Several raethoda have heen proposed 
for effecting this oxidation ; we shall mention the 
two following. 

Firsi Method: by faming Nitric Add. 

Finely pulverized ore is treated hot with a very 
large quantity of fuming nitric acid, which should 
be quite free from sulphuric aeid ; and this it is well 
to ascertain beforehand. "When the action has 
apparently ended, add a little hydrochloric acid, and 
continue to heat at about 100° Cent, for some time 
longer. The solution is then evaporated to dryness 
with a new addition of hydrochloric acid, so as to 
expel the greater portion of the nitric acid. The 
residuum, being first moistened with concentrated 
hydrochloric acid, is treated with hot water, and 
finally filtered in order to separate the insoluble 
matters* in the liquid, heated to about 100°, and 
very much diluted; we precipitate the sulphuric acid 

• To inaure the complete oxidation of the sulphur, it is well 
to treat the insoluble residuum witli more nitric acid. When the 
ore is not compielely attaclted by the treatment indicated, it ia 
better to have recourae to the second method here described. 
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by means of chloride of barium. Too large an excess 
of this salt is to be avoided, as its presence hinders 
the complete washing of the precipitate. The pre- 
cipitate being deposited and the liquid cooled, pour 
the latter only on a filter, and wash the precipitate 
several times by decantation with water, acidified 
slightly with hydrochloric acid ; then place it on the 
filter, and wash it again there with hot water, until 
the washings are no longer aft'ected by the addition 
of a drop of dilute sulphuric acid. Dry the filter 
with its contents, and calcine carefully. After calci- 
nation, the precipitate should be perfectly white and 
powdery ; if it be red and agglutinated, the washing 
has been insufficient ; in this case, it must be purified 
in the following manner: Drop upon the precipitate 
in the capsule in which it was calcined some drops 
of hydrochloric acid. Stir it well, and break it up 
by means of a glass rod, then pour it into a vessel 
containing a small quantity of hot water, and boil 
it ; when the sulphate of barium has been deposited, 
pour the clear liquid on to a filter, add more water, 
slightly acidified with hydrochloric acid, boil again, 
and filter as soon as the precipitate has been deposited ; 
then treat it as described above. 

The nitric acid may be replaced by aqua regia, but 
the first is generally preferred, as less likely to cause 
a loss of sulphur in the state of gaseous combination, 
or as vapor of sulphur. 

[It is Bometimes (lifficult to obtain fuming nitnc acid, free from 
Bulpliuric add, Tlie oxidation of Oie sulphur in the ore may be 
effected by a niLxtuve of chlorate of potassiam ■with hydrochloric 
acid or ordinary, but pure, nitric acid. To prevent loss by spurt- 
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ing, the ore, mixed with about twice its weight of chlorate of po- 
tassium, is placed in a porcelain capsule covered, with an inverted 
fuuuel. The acid ia then added by small quantities at a time,] 



Second Method: hy fusion with the Alkaline 
Carbonates and Saltpetre. 

Tins method ia based on the transformation of 
sulphur into sulphuric acid in the dry way, 

The matter to be assayed ia well mixed with four 
times its weight of sodic carbonate of potassium, and 
twice its weight of nitrate of potassium, all being dry 
and well pulverized. Throw this mixture in small 
portions at a time into a platinum crucible, heated 
to redness; at every addition, allow the reaction to 
take effect, and heat the crucible again, taking care 
to keep it closed, to prevent spurting over. After 
the last addition beat till the mass is in tranquil 
fusion; then let it cool. The fused mass is treated 
with dilute hydroehloric acid until its complete dis- 
integration, and the solution is then evaporated to 
dryness in order to render the eiliea insoluble, and to 
decompose the nitrates; the residuum, being first 
moistened with hydrochloric acid, is then treated 
with hot water; a solution is thus obtained which, 
after the separation of the silica by filtration, is per- 
fectly limpid, and in which we ascertain the amount 
of sulphuric acid by chloride of barium, in the man- 
ner already indicated. The washing of the sulphate 
of barium must be even more carefully performed 
than in the preceding case, for the liquid contains a 
hirge amount of fixed matter, which the sulphate of 
13« 
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barium has a tendency to retain mechanically. This 
method is eapecially applicable when the ore contains 
a large proportion of sulphur, as, for &xample, iron 
pyrites. 

Porcelain or thin and smooth Cornish assay crucibles answer 
quite well for this oxidation of sulphur hj fusion, if the heat be 
adroitly managed so that too rapid changes of temperature shall 
not crack the crucible. Platinum crucibles are no doubt highly 
convenient, but they are rapidly made rough and porous, and 
destroyed by this use of them ; and gold crucibles are luxuries 
not for industrial laboratories. 

Few analysts are aware that in determinations of sulphur hy 
oxidation in this way, it is absolutely necessary to ayoid llie use 
of coal gas flames, and best even contact with coal or coke fuel. 
1 he quantity of sulphur (.chiefly as bisnlphido of carbon) with 
■which all British, and nearly all the coal gas of commerce is 
loaded, is so great that U is not poaaible to fuse nitre over a Bun- 
sen or olier flame of such gas without being able to detect ap- 
preciable quButitiea of sulphate of potassium in it. In feet tbere 
is no better test for sulphur in this state in coal gas than to dip 
the exterior of a platinum semi-spherical capsule into powdered 
dry nitre, and fuse the latter, nnlil it forms a central dependent 
liquid drop over the flame of the suspected gaS. On dissolving 
ofl' the fused nitre by plunging the capsule into a vessel of pure 
water, and concentrating if necessary, we may prove in it the 
presence of sulphates by chloride of barium willi perfect case. 
(See Percy, "Metallurgy of Iron," p. 736.) The presence of 
manganese in iron ores thus treated appears to increase the 
greedy absorption of sulphur compounds from the gas flame. 
Colie, though it usually does not contain more than 0.5 percent, 
of sulphur, may contain as much as 3.0 or more per cent., so its 
contact as fuel is also to he avoided. 

The cost of spirit in Great Britain reduces the operator to the 
use of charcoal only. It is also to be borne in mind that com- 
mercial nilte occasionally contains some traces of sulphates. 

To determine the quantity of sulphur existing in 
an ore in the state of a sulphate, we can operate aa 
follows: — 
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1. If it be sulphate of calcium or sulphate of iron, 
boil a known weight of the ore, very finely pulverizeiJ, 
in a large quantity of water for a considerable time, 
filter and ascertain the amount of sulphuric acid con- 
tained in the liquid. 

[The sulphate of iron may bo in tlic state of basic subsulphate, 
insoluble In water; tbcrefore, the treatment by water alone will 
fail to remove the sulphuiic add.] 

2. If the sulphate be of barium, and if the propor- 
tion be small, we must first treat the ore with acids, 
filter the liquid, having previously diluted it with 
water, to avoid dissolving any of the sulphate of 
barium, calcine the insoluble residuum; then ascer- 
tain the amount of sulphuric acid contained in it 
after its fusion with the alkaline carbonates. In this 
case we must heat the fused mass with pure water, 
filter and determine the sulphuric acid contained in 
the liquid, after having got rid of the silica by 
evaporation with hydrochloric acid to complete dry- 
ness. If the proportion of sulphate of barium be 
considerable we may fuse the ore directly with the 
alkalies. 

It should be remarked that precipitated sulphate of barium 
when in presence of alkaline salts (aad probably also those of 
calcium), tahes upaa much even as 1.5 percent, or more of these 
in such a form that they cannot be remoyed by washing. Hence 
in the somewhat delicate operation of determining the usually 
very small amount of sulphur in irons, a grave error in excess 
may easily occur. 

Btolba has pointed out a mode of freeing from these the barytio 
sulphate (after its washings come off without further action) by 
digesting it at a boiling lieat in a solution of neutral acetate of 
coppei', with some acetic acid added, and then washing afresh, etc 
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Volumetric methods for determinations of sulpliurie acid iiave 
also been pointed out, but tliej are probably deficient in delicacy 
for use in the present case. 



IX.— ASSAY FOE OXIDE OF ZINC. 

First llelhod: by Hydrosulphuric Acid in an Acetic 
/Solution. 

The best method is to precipitate the zinc aa a sul- 
fihuret by means of hydrosulphuric acid in a solution 
of the ore containing no other acid than acetic acid 
in slight excess. The ore being not directly attack- 
able by this acid, we must produce the requisite 
solution in an indirect manner. Dissolve the ore in 
concentrated hydrochloric acid, with the addition, if 
necessary, of nitric acid ; add to the solution enough 
of sulphuric acid to saturate all the oxides it contains, 
then evaporate to dryness. In this manner we obtain 
a residuum formed exclusively of the insoluble mat- 
ters contained in the ore and of the anlphatcs. Heat 
with water slightly acidified by sulphuric acid, and 
pour into the hot solution some acetate of barium 
until a precipitate ceases to form, allow the precipi- 
tate to settle, wash by dceautation several times in 
boiling water, and filter. The clear liquid thus 
obtained contains all the oxides of the ore in solution 
in acetic acid and a small quantity of free acid. 
Pass a current of hydrosulphuric acid through the 
liquid until it be saturated ; the zinc only is precipi- 
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tated ;* it is in the state of a eiilphiJe, ami must be 
allowed to deposit, the air being excluded. Wash 
by decantation, and then throw the precipitate on a 
filter, washing it with water containing some hydro- 
sulphuric acid in solution; we must not employ the 
hydrosulphide of ammonium, which would precipi- 
tate the iron and other metals present. When the 
precipitate is sufficiently washed, redissolve it on the 
filter itself in the least possible quantity of hydro- 
chloric acid, taking care to cover the glass funnel 
with a watch-glass or plate, to prevent the chance of 
spurting over by the gas disengaged ; wash well and 
heat the solution to drive off the hydrosulphuric 
acid ; filter and precipitate the zinc again by adding 
gradually to the boiling liquid a solution of carbonate 
of sodium, avoiding too great an excess ; as soon as 
the flocculent precipitate becomes granular ccaso 
heating, and filter when the precipitate is w6ll col- 
lected. 

The carbonate of zinc thus obtained is washed, 
dried, and calcined, carefully avoiding all reducing 
agents which, owing to the volatility of zinc, might 
involve perceptible loss. By calcination the carbo- 
nate of zinc is changed into the oxide, and this is 
then weighed. This method is even applicable to 
ores containing 



* If ibe ore contain copper, lead, or arsenic, besidea zinc, we 
should first get rid of these elements by passing a current of 
liydroaulpburic acid tlirougli the hydrocblorio solutioa of tlie 
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Second 3ldhod: by the Hydrosulphide of Ammonium 
in an Ammoniacal Solution. 

If we have to treat ores entirely free from maiijra- 
nese, we may use a much simpler process: the solu- 
tion of the ore in hydrochloric acid containing the 
iron as a peroxide compound, is exactly neutralized 
liy carbonate of ammonium (a alight precipitate is no 
incoHvenienee), then boiled and mixed with acetate 
of sodium or succinate of ammonium. "When the 
precipitate has collected, filter and wash well with 
liot water. The liquid being received in a flask 
capable of being perfectly closed, pour in a slight 
excess of hydrosulphide of ammonium, and let it 
rest, access of the air being excluded, as the carbonic 
acid contained therein might cause precipitation of 
the lime as carbonate. "When the precipitate is col- 
lected, decant the supernatant liquid, and then throw 
the precipitate on a filter, and terminate the analysis 
as before described. 

"We may also determine the zinc either volumetri- 
cally (see the authors' Supplementary Notes), or in 
ores containing manganese, by first getting rid of 
the peroxide of iron and alumina by acetate of 
sodium, then the manganese by some one of the 
methods already described, and then precipitating 
the zinc, as above, by the hydrosulphide of ammo- 
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X— ASSAY FOR LEAD. 

First Method; hy Hydrosulphuric Acid. 

Treat the finely pulverized ore with eonceutrated 
hydrochloric acid, evaporate the solution to dryness, 
and, having moistened the residuum with a little of 
that acid, pour upon it a hoiling solution of chloride 
of ammonium, in which chloride of lead is soluble. 
Filter to separate the insoluble matters, wash the 
precipitate first with warm water, then with a solu- 
tion of tartrate of ammonium, in order to dissolve 
the sulphate of lead, if any has been formed ; lastly, 
pass a prolonged current of hydrosulphuric acid 
through the diluted liquid. A precipitate of sulphide 
of lead with free sulphur is formed, the latter aris- 
ing from the reduction of the perchloride of iron. 
Boil and filter. After desiccation, the filter is intro- 
duced into a small weighed porcelain capsule, and a 
few drops of fuming nitric acid added; then two or 
three drops of sulphuric acid and a moderate heat 
applied, until theliberationof vapor has ceased; then 
increase the heat slowly, until the capsule is red hot, 
in order completely to destroy the material of the 
filter. The sulphide is thus changed into a sulphate, 
the weight of which we ascertain at the balance. 

Second Method: by Sulphuric Acid. 

Attack the ore with aqua regia, then evaporate 
the solution to dryness, after the addition of acme 
drops of sulphuric acid. Pour a boiling solution of 
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tartrate of ammonium (which dissolves sulphate of 
lead) upon the residue ; filter to separate the insolu- 
ble matters, washing first with a boiling solution of 
the above tartrate, and then with hot water, and 
then reproduce the sulphate of lead by decomposing 
the tartrate of ammonium, which held it in solution 
by dilute sulphuric acid ; add a little alcohol to the 
liquid to prevent any sulphate of lead remaining in 
solution, let the precipitate deposit, wash it by 
decantation, with cold water slightly acidified with 
sulphuric acid, and mixed with alcohol, and, finally, 
transfer it by the help of the least possible quantity 
of liquid into a weighed little flask or glass capsule; 
decant the greater part of the liquid carefully, and 
evaporate the remainder to dryness in the weighed 
vessel, and so determine the weight of the sulphate 
of lead. If the operation be well performed, the 
precipitate should be almost perfectly white. 



Xr— ASSAY FOR ARSENIC ACID. 

Dissolve a sufficient quantity of ore in aqua regia, 
then reduce the arsenic acid and the perchloride of 
iron to a lower state of oxidation by means of sulphite 
of sodium in presence of an excess of hydrochloric 
acid, keeping the liquid at boiling temperature. 
When the resulting sulphurous anhydride is com- 
pletely expelled, dilute with water, let the liquid 
become quite cold, and then pass into it a slow 
current of hydrosulphuric acid. 
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By this operation the arsenic acid was changed 
into arsenious acid, and the perehloride into the 
protoehloride of iron. In this way the precipitation 
of the arsenic is facilitated, and a large deposit of 
free sulphur, which results from a persalt of iron, is 
prevented. Filter, and treat the precipitate, which 
is composed of silica, sulphide of arsenic (As'S^), and 
sulphide of lead, if the ore has contained lead, still 
on the filter, with ammonia, which dissolves only the 
sulphide of arsenic. Evaporate to dryness " the 
ammoniacal solution in a porcelain capsule over the 
water-bath, and treat the residue with fuming nitric 
acid, taking care to keep the capsule covered with a 
watch-glass or glass plate. As soon as the action of 
the acid slackens, heat again over the water-bath. 
The sulphide of arsenic is broken up by this process 
into sulphuric and arsenic acids. 

Dissolve at the same time in nitric aeid an accu- 
rately weighed quantity of iron, equal at least to 
half the weight of the arsenic acid presumed to be in 
the solution. When the iron and the sulphide are 
completely dissolved, dilute with water and precipi- 
tate with ammonia. The precipitate contains all the 
arsenic acid combined with the peroxide of iron. 
Filter, wash the precipitate, dry it well, then calcine, 
taking care to heat it gradually at first, in order to 
get rid of the ammonia which it may contain, and 
which, without this precaution, might reduce some 
of the arsenic acid. We know the amount of the 
peroxide from the weight of the iron employed, and 
we thus obtain the weight of the arsenic acid by the 
difierence. 
14 
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[XIL— ASSAY FOR OTHER SUBSTANCES. 



Other substances, such as copper, chromium, tilanium, cobalt, 
and nickel, are foond in iron ores quite as often as zinc or lead, 
for which the authors bave given methods of determination. We 
believe, therefore, that it will not be outside of the limits of this 
work to examine tlie above named metala briefly. 

Copper may exist in iron ores, either combined with sulphur, 
or arsenic, or in an osidii^ed state Its determination is had by 
passing a stream of sulphuretted hydrogen througii the solution 
of the ore in hydrochloric acid. The solution miiat not contnio 
too great an excess of acid, and free nitric acid should be espe- 
cially avoided. The precipitate of sulphide of copper is black, 
hut its color may he changed, if it be mixed with sulphide 
of arsenic, or the sulphur produced during the reduction of the 
peraalt of iron hj the sulphuretted hydrogen. The distinctive 
colorations will be better perceived if the solution of persalt of iron 
litts been reduced by sulphurous anhydride <or sulphite of sodium) 
and boiled until no snlphurous smell exists, before passing the 
Btrcam of sulphuretted hydrogen. 

The prccipiiste is collected upon a filter, and carefully washed 
■willj water holding a certain proportion of sulphuretted hydrogen. 
Tlie washing must be continued without interruption until com- 
pleted, otherwise a portion of the sulphide of copper may become 
oxidized and pass through the filter with the liquors deprived of 
sulphuretted hydrogen. When ail the iron has been eliminated, 
audif itis suspected tliat sulphide of arsenic has been precipitated 
ivith the sulphide of copper, the precipitate is treated wiDt 
sulphide of sodium (or of potassium) which dissolves the arsenic 
compound. The bydrosulpliide of ammonium is not available in 
Ibis case, Ijecause it may also dissolve a small proportion of 
sulpliide of copper. 

The washed sulphide of copper is rapidly dried in the filter, 
then separated from it as completely as possible, and the filter is 
burned. The ashes and sulphide are treated with nitric acid to 
whicli a small proportion of hydrochloric add is added, and a 
moderate beat applied. The copper is dissolved, and the sulphur 
is wholly or in part transfonned into sulphuric acid. It is not 
necessary lliat the trausforiuatioii of tliu sulphur should be com- 
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plete ; it is sufficient that U aeparatea witli a. pure yellow color. 
The acid aolutiim is tlien diluled with ivater, filtered, and boiled 
in a porcelain dish, previous fo the precipitation of tlie oxide of 
copper, CuO, by a sligM excess of caustic 8oda or potasaa. The 
solution should be ratter dilute and boiling before tte alkali is 
added, in order immediately to obtain a dense precipitate of a 
darli brown color. 

The precipitateof oxide of copper is washed two or three times 
by decantation ; and then upoa the filter with boiling water, and 
lastly strongly calcined in a platinum crucible. It is preferable 
to bum the filter separately, and to add the ashes to the oxide. 
Aa the oxide of copper is strongly, hygrometrie, it should be 
rapidly weighed after cooling under tlie drying jar. 

Instead of determining the copper as oiide, it is frequently 
weighed in the form of cuprous aulphide Cu'S. In this case, the 
precipitated sulphide is, when dry, mixed with an excess of 
aulphar, and calcined in a porcelain crucible or tube, in an. 
atmosphere of hydrogen. 

Should the proportion of copper be too small to be ascertained 
quantitatively, the filter and its contents are calcined in a porce- 
lain crucible, and the residue is treated with a few drops of nitric 
acid. An exeeaa of ammonia will then produce tie characteristic 
blue color due to the presence of copper. 

C'kromijtm is often present in magnetic iron ores ; and it is 
g^crally considered tliat it ia there as aesquioiide of chromium, 
combined with ferrous oxide. 

A qualitative lest can be made by calcining, at a red ieat, the 
very finely powdered ore with a mixture composed of equal parts 
of citrate of potaasium and carbonate of sodium. The oxide of 
chromium is transformed into chromate of aodiura or potassium, 
which is separated by boiling water and filtration from the iron 
and other substances insoluble in allialine solutions. After 
aupersaturation of the alkaline liquor by means of acetic acid, 
aome acetate of lead is added, which producea the characteristic 
precipitate of chromate of lead <chrome yellow). 

If tite ore contains manganese, the alkaline solution may be 
more or less colored ia purple by the permanganate produced 
during the calcination. The manganese will become precipitated 
by boiling the liquor with alcohol. 

The best quantitative teat for chrome irou is as follows ; niix 
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tlie iiighly comminuted ore with about twelve times ita weight 
of acid sulphate of potaaaium, in a large platinum crucible, WliicU 
is heated carefully. At first, the temperature should be Just 
auffieient to insure the tranquil fusion, of the acid sulpliate of 
potassium, and the equal division of the ore through the molten 
mass. "When tliia point is reached, the temperature is raised to a 
dark red heat, which causes the attack of the chrome iron, and 
tlie regular and slow escape of the escess of sulphuric acid. This 
period should last about half an hour, tliat is, until a little after 
the whole mass has become thoroughly homogeneous and in a 
State of tranquil fusion, and no gritty undecompoBed substance 
felt in the crucible by means of a platinum wire or spatula. The 
temperature is then increased in order to expel all the excess of 
sulphuric acid, and even partly decompose the sulphates of 
chromium and of iron. 

This first treatment has resulted in the complete disintegration 
of the chrome iron, which is then in a state to be readily oxidized 
by a mixture of equal parts of nitrate of potassium and carbonate 
of sodium. Abotit twelve parts of this mixture to one of ore are 
employed and put into the crucible holding the sulpliates. It is 
recommended to add at once t!ie whole of the carbonate of sodium 
with a portion of the nitrate of potassium, the remainder of the 
nitrate being gradually added at intervals from ten to fifteen 
minutes. A dull red heat is maintained constant during the oxi- 
dation until the whole of the nitrate has been added and the 
action has slackened. The temperature is then raised and kept 
«p until the mass is in a state of rather tranquil ftision. The 
whole operation lasts about two hours. 

The crucible should be large, so as not to he filled to more than 
one-halfor two-thirds of its height, and, according to liie supposed 
composition of the ore, no more than one-half to one gramme is 
employed. 

The chromates are dissolved with boiling water, filtered, and 
evaporated nearly to dryness with an excess of nitrate of ammo- 
nium, and unt 1 all nell of ammonia lias disappeared. The 
alUalies are n 1 al ed by the nitric acid of the nitrate of ammo- 
nium, and small quant t es of alumina, silica, manganese oxide, 
etc., become pre i tated a d are separated by filtration. 

We now have an t al solution of cliromate of sodium (or 
potassium, or botl j tl e chromium of which may be determined 
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as chromate of lead, or as aeaquioxide of chromium. In the first 
case, tlie neutral solution is rendered acid by means of acetic acid, 
and the chromium is precipitated by acetate of lead. Nitrate of 
lead may also he employed in dilute solutions. The yellow pre- 
cipitate of chromate of lead is collected and weighed upon a filter 
previously dried and weighed in the manner indicated at the 
beginning of this work. 

In tlie second case, the neutral solution of alliaUne ciromatea 
is rendered strongly acid by Jjydrochloric acid, and the chromic 
acid is reduced to tlio state of sesquloside of chromium by ebul- 
lition with alcohol. This process is slow witli diluted solutions, 
for wbicii it is preferable to employ the agency of Bulphuretted 
hydrogen or of sulphurous anhydride (or sulphite of sodium). 
The sulphur resulting from the sulphuretted hydrogen is separated 
by filtration, after thorough settling. 

In either case the solution bow contains a sesquichloride of 
chromium which is precipitated as sesquioxide of chromium by 
a slight excess of ammonia. This precipitate is gelatinous and 
difScult to wash, like alumina produced under similar circum- 
Btanoes. During ita calcination a phenomenon of incandescence 
talies place, which requires that the crucible should remain 
covered, until the contents have become thoroughly red. 

As a clieck to the operation, it is necessary to dissolve in 
hydrochloric acid the insoluble residue, remaining from the filtra- 
tion of the contents of the crucible in which the attacli and oxi- 
dization took place. Should there be aiiy dark portions refusing 
to be dissolved, they are chrome compounds which require a 
further treatment by the acid sulphate of potassium, etc. This 
search is to be made as soon as the alkaline chromates have been 
filtered off, inorder not to have to duplicate thefurther operations. 

Titaniiim in iron ores forms combinations regarding the com- 
position of which there are differences of opinion. Some persons 
maintain that sesquioxide of titanium is combined with ferric 
oxide; others believe that the union is between titanic acid and 
ferrous oxide. It is, however, customary to determine titanium 
in the form of titanic acid. 

The natural compounds of titanium are, some soluble in 

hydrochloric acid, others not ; but the latter may be renrkred 

14* 



Hosted =yG00gIe 



Ifi2 A PRACTICAi. MANUAL OF 

soluble in Lot and concentrated sulpiuiic acid, or by fusion in 
tbc acid sulpliatea of potaBsium, sodium, or ammonium. 

Tlie acid solutions of titanium, wlien very dilute and boiled for a 
certain length of time, permit tUe titanic acid to precipitate in the 
Bliape of a powder, which is white and quite pure, if the iron pre- 
sent ia in the ferrous stale, but yellow or red and very impure if 
Hie iron is in the ferric state. The precipitate from hydrochloric 
solutions is difficult to wash, passes through the filler or obstructs 
it, and it ia not possible to precipitate the whole of the titanic 
acid by ebuUiUon alone. On the other hand, the precipitation 
from sulphuric solutions ia complete, and the precipitate is easily 
washed. Sulphuric acid, or the acid aulphatea, are therefore to 
be preferred as means of solution, when the precipitation of 
titanic acid is to be effected by ebullition. 

If, for some reason or other, it ia not thought desirable to 
employ sulphuric acid or its compounds, the titanic substance 
(when undecomposed by hydrochloric acid) is fused with carbo- 
nate of sodium, or the sodic carbonate of potassium, and tiien 
dissolved, in the eold, in hydrochloric acid. In the case of such 
a solution holding only iron and titanium, the two metals may be 
precipitated together, in the cold, by ammonia ; the oxide of iron 
ia transformed into sulphide by bydrosulphide of ammonium, and 
the sulphide is rendered soluble by an addition of sulphurous 
acid. The titanic acid which remains is gelatinous, and re- 
sembles alumina precipitated under similar circumstances. After 
washing, it is dried, calcined, and weighed. 

The attack by sulphuric acid requires that the ore should bo 
Tery finely powdered. The acid used is a mixture of about equal 
volumes of sulphuric acid at 66° B^. and water. The heating is 
begun on a water -bath, and continued at an increased tempera- 
ture until the ore is entirely decomposed, and there are produced 
abundant fumes of sulphuric acid. The fluid mass, which is 
often syrupy in appearance, is allowed to cool, and is then dilnted 
in a great volume of water, avoiding an elevation of temperature, 
which may cause the precipitation of a part of the titanic acid. 
The dilute, clear, and cold solution is filtered, if silica be present, 
and the iron is transformed into a protosalt by sulphurous anlty- 
dride, or by an alkaline sulphite. By boiling the liquor for a 
long while, and keeping it smelling of sulphurous anhydride, and 
making up the loss of evaporation by hot water, all the titanic 
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acid is precipitaied us ft wliite powder, cnsily waslied, Tlie more 
tree acid there is in ttie solntion, the more it eliould be diluted. 
If the precipitate, dried at 100° C, continues perfectly white, it 
may be considered as free from iron. If yellow or brown, it 
should be dissolved anew in strong sulpiiaric acid, and treated 
as before. The calcined titanic acid seldom remains white, 
Bltiough pure ; it becomes yellow, gray, or brown according to 
the intensity of the temperature applied. 

The solution filtered from the titanic acid contains the other 
Bubslances from the ore, which are deteniiined in the ordinary 
mauner. The silica, separated before boiling, retains sulphuric 
acid with such tenacity, that it is recommended to fnse it with 
carbonate of sodium, and then to follow the usual treatment 
witik hydrochloric add, etc. 

The titanic add retains also sulphuric acid with great tenacity ; 
!, after the first caldcation, a small lump of carbonate of 
It in the cold crucible to remove the acid, and the 
temperature is slowly raised to a red heat. 

The attack of the titaniferous ore by the acid sulphate of 
potassium is, in the writer's opinion, more easy tlian that with 
sulphuric acid. The operation is conducted in a manner similar 
to that explained for the disintegration of the chrome-iron ores, 
but the heat should not be raised so high as to expel all the excess 
of sulphuric acid and decompose the sulphate of iron which must 
remain soluble. From ten to fifteen parts of acid sulphate of 
potassium are employed to one of ore, and the whole of the 
sulphate may not be employed at once. When the swelling of the 
material in the crucible has subsided, and the fusion is tranquil, 
the temperature is raised to a low red heat, and kept so until the 
whole of the ore has become dissolved, and no grit is felt with a 
platinum spatula or wire. The temperature may tlien be increased 
a little more for a few moments. After cooling, a fresh quantity 
of acid sulphate of potassium is added, and the heat is again 
applied, and gradually raised until the whole mass is homoge- 
neous and still emits fumes of sulphuric acid. The crucible is 
then allowed to cool. In this manner, all the free acid is not 
removed, and we are certain that the iron, alumina, etc., are in 
the state of sulphates, and soluble. 

The cold crucible and contents are digested in cold water. 
The solution requires several hours, and may be hastened by 
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stirring. Tlie remainder of the operation is the same as when 
sulphuric acid is employed. 

Gobalt and nickel require in tliis place but a notice aa lo their 
qualitative determination. They are frequently togetlier, and in 
small proportions in certain kinds of iron ores, and are not con- 
fiidered injurious to the metal. They are not precipitated hy 
bydroaulphuric acid, carbonate of barium, or hy the usual treat- 
ment with acetate of sodium, altliougt a small proportion may 
remain with the other precipitated metals. On the other hand, 
they form with the hydrosulphide of ammonium black sulphides, 
which are not soluble in dilute hydrochloric acid. 

Therefore, if in a solution of an ore deprived of copper, lead, 
or arsenic by a previous treatment with hydros ulphuric acid, and 
of iron and alumina by the carbonate of barium or the acetate of 
sodium, we add hydrosulphide of ammonium, we will obtain a 
black precipitate of tlie sulphides of cobalt or nickel (should these 
substances be present), which may be mixed with the sulphides 
of manganese and zinc. The latter are rendered soluble and 
separated by adding hydrochloric acid, drop by drop, and the 
sulpliidea of nickel and cobalt remain. 

If a special test is made for these metals, it is not necessary to 
submit the solution of the ore to the treatment by carbonate of 
barium or acetate of sodium. The metals unacted upon by 
hydrosulphuric acid are precipitated together by the hydrosul- 
phide of ammonium, and the 8ulphides<)f nickel and cobalt are 
separated by dilute hydrochloric acid. 

An approximative quantitative determination may be had, by 
dissolving these sulphides in nitric or nitromuriatic acid, and 
precipitating the nickel and cobalt together aa oxides, by means 
of caustic potaasa.] 



The elementB of these subataneea are much the 
eame as those which enter into the composition of 
orJiiiary iron ores. The iron exists in scoriie anil 
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slags chiefly in the state of protoxide ; the remainder, 
as peroxide, free or combined- — sometimes even 
metahic iron is found in disseminated particlea. 
The analysis of these matters does not usually require 
any special methods; attention should chiefly be 
given to the evaporation necessary to render the 
whole of the silica insoluble, and to thp presence of 
tho peroxide of iron. 

A little should lie added to tbe text liere. Blast furnace slags 
are very generally, though not always, pretty easily brought to 
a soluble state by fuaon with the alkaline carbonates. Some, 
however, as well as aome scorias (from the wrought iron or steel 
manufacture), are very refractory. In some Ecoriffi, aa Ju those 
from the puddling famace, the percentage of phosphorus is higli, 
and may be an object of industrial research hereafter, though not 
as yet so. Hence it is desirable to employ no metJiod with these 
likely to lose part of that element. Agwn, in the analysis of lire 
clay, or fire brick, it is of great importance to determine the 
amount of alkalies naturally present, which seriously altect their 
infusibility. For these last bodies, fusion with the alkaline 
carbonates is inadmissible. 

Professor Lawrence Smith's method by fusion with a mixture 
of pure fluor-spar and carbonate of calcium is stated to give good 
results, and is easily practised (see Crooke'a "Methods of 
Chemical Analysis"), and like the methods of Brunner and 
Laurent with hydrofluoric acid, or the modification by Gore, 
which consists in melting with nitrate of barium and fluoride of 
liarium, may tie employed for scoriie slags or fire clays, and these 
all admit of the determination of the contained alkalies. 

[The attention of the beginner is called to the fact that slaga 
or cinders contain the snlphur, phosphorus, and arsenic, in the 
state of sulphates and sulphides, phosphates and phosphides, 
arsenates, arsenites, and arsenides, and that the mode of treat- 
ment is to vary aa it is desired to determine these substanceB in 
their various forms of combination. For practical work, howe'v er, 
it is sufficient to determine these bodies as sulpliur, phosphorus, 
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Certain kinds of lilBst furnace cinders contain small cnppcr- 
colnred crystals of nitrcwyanide of titanium. 

It would also be deairalile ia ascertiun whether tiie oxide of 
aluminium contained in blast furnace cinders, Js, or not in a 
lower slate of oJtidalion than alumina, APU^] 
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ASSAY OF lEOK ORES BY THE 
DEY METHOD. 

The assay by the dry method serves, in the first 
place, to make known the yield in cast-iron of an 
ore; in the aeoond, it controls the management of 
the blast furnace by fusion in the crucible of a mix- 
ture identical with that employed on a great scale ; 
thirdly, it enables us to compare to a certain point 
the quality of the cast-irons produced by different 
ores ; lastly, it may have no other object than to 
procure a button of cast-iron, intended for the assay 
of its contents in phosphorus, as we observed when 
speaking of that particular body. 

The basis upon which this assay rests is as follows: 
If we put a certain quantity of iron ore into a clay 
and charcoal-lined (brasquS) crucible, with fluxes, and 
expose the mixture to a progressively increasing 
temperature, the volatile products, water and car- 
bonic acid, are first liberated ; at about 400° Cent, 
the proto- and peroxides of iron in immediate contact 
with the clay and charcoal-lined crucible are reduced, 
with production of carbonic oxide and carbonic 
anhydride, which the excess of carbon present re- 
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duces to carbonic oxide. The carbonic oxide, dift'uaod 
through the mass, and ehmigiiig into carbonic anhy- 
dride, reduces in its turn the part of the ore not 
subjected to the direct action of the vkarcoal lining 
of the crucible. The reduced metallic iron is carbu- 
retted either by the gaaea or by the solid carbon. At 
a temperature of about 1500° Cent., the cast-iron 
collects gradually in the bottom of the crucible, 
whilst the earthy matters, becoming vitreous, melt 
in their turn, and form the scoria that rises to the 
eui-face above the cast-iron, which, when cooled, 
separates as a metallic button. At the temperature 
at which the cast-iron ia produced, zinc and lead are 
volatilized, and are not found in the button or ingot ; 
but this is not the case with the manganese, sulphur, 
and phosphorus. If the ore contain these elements, 
they combine at least in part with the iron as well 
as does also a certain quantity of silicon, 

Mr. J. Lowtliian Bell, and M. Gruner (of the Eeole des Mines, 
Paris), have both shown that at temperatures of 300° to 400^ Cent, 
carbonic acid in presence of iron ores h split up into carbonic 
oxide and carbon, provided carbonic oxide be also primarily 
present. 

It follows, therefore, that the reactions during the reduction of 
iron ores are not always and quite those described in the text. 
Mr. Bell's work ott "The Clicmical Phenomena of Iron Snielt- 
ing," and M. Gruncr's Memoir ("Comptes Rendus," 73, 89, 
187i) should be consulted. 

The aseay is generally made in crucibles from 10 
to 12 centimetres high, of good refractory clay, and 
charcoal-lined {brasque). 

No better crucibles for iron assay are to be met with than those 
made for the purpose in Cornwall, ciiicfiy about Redruth. Tliey 
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are broader In fonn th&n French or German crucibles, and stand 
sudden obanges of temperature very well, and are liigbly 
refractory. 

Nor Is any form of assay furnace, the writer believes, better 
than the Soatb Wales and Oomisb pattern, whicli is distinguished 
by the great thickness given to the front wall so as to protect tlie 
operator from the heat, which in the case of tbin-wallcd furnaces 
rcndci^ the continuous work of the assayer unpleasant and un- 
healtbful. 

Plumbago crucibles are sometimes employed, and are suggested 
in the larger books on Metallurgy ; but Ihey are expensive, and 
the recommendation that one may be used more than once ia of 
more tlian doubtful value. Iron assays arc froqnenlly made in 
Great Britain la unllned crucibles, as much, carbon in the state 
of pulverized coke or anthracite beiug mixed with the ore and 
flux as may be required for the reduction. The writer, however, 
deems the charcoal lining of the crucible better practice, and ita 
result is generally to produce a better batlon and fewer detached 
particles of cast-iron in the assay. The method of brasgiiing, or 
charcoal lining, as described in the text, gives good results when 
well performed ; but the crucible should be dipped into water 
before the charcoal dough is pressed in, otherwise It is but mode- 
rately adherent. A very perfect form of charcoal lining consists 

n making the charcoal, with water and a very little molasses, 
1 thickish cream, pouring some into the damped crucible, 

averting the crucible until no more will run out, and then dry- 
slowly in an oven, and repeating this until a sufficient thick- 
ness of lining ia obtwned. Where lined crucibles are adopted, a 
stack of dried ones should be maintained ready for use. 

Por the lining wood charcoal only ia used. It ia 
finely powdered, passed through a wire-gauae sieve, 
and wetted with a little water carefully mixed 
through it by kneading. The quantity of water 
should be barely that required to knead the mass 
under conaiderable preaaure. A small c^uantity of 
the mixture is put into the bottom of the crucible, 
then pressed down with a pestle or piece of wood 
15 
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Specially rounded at the extremity; to thia first 
layer a second is added, then a third and fourth, 
until the erueihle is filled. To prevent the different 
layers being independent of each other, we should 
scratch the surface of each layer with a blade or 
point of iron before putting in another. The solid 
centre is then scooped out with a knife ; the cavity 
should only descend about two-thirds of the interior 
depth of the crucible, and a regular thickness, equal 
to about the fourth of the diameter, should he left 
all round. The surface of the cavity, and the bottom 
especially, should be very smooth. A thick glass 
tube, closed and rounded at the extremity, is used to 
effect this smoothing or even polishing of surface. 

The advantage of the test by the dry method is to 
furnish results analogous to those obtained in the 
blastfurnace. To. render this analogy as complete 
as possible, wc should exclusively employ as fluxes 
the substances used in operating on the large scale, 
and systematically reject any others. Such as soda, 
borax, etc. Lime, alumina, and silica are the only 
fluxes made use of. 

Lime is employed in the state of carbonate ; instead 
of chemically pure carbonate, good white limestone 
is generally used, free from pyrites, phosphates, and 
metallic oxides. It is pulverized finely in tolerably 
large quantity, and its composition being ascertained, 
it is r^erved for use. A small proportion of mag- 
nesia in the limestone is not injurious. 

The alumina is employed cither alone, as found in 
the pipeclay of commerce, or hydrated, and in com- 
bination with silica, in the state of potters' clay. In 
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the latter case a very aluminoaa clay ia selected, dried, 
finely powdered, and its composition, like that of the 
limestone, precisely ascertained. 

The silica is either in combination with the 
alumina or separate, but in the latter case it should 
be in impalpable powder. It is obtained in this form 
by levigating silicioua sand, or by decomposing a 
eolution of an alkaline silicate with hydrochloric 
acid, evaporating the liquid to dryness, and washing 
the residue with hot water until nothing but siUea 
remains. 

Some assayers employ earthy glasses of known 
composition, and prepared by fusing in charcoal- 
lined crucibles, mixtures of potters' clay and lime- 
stone. 

The genera! formulfe given in tlie text for flsing the relative 
proportions of silica, alumina, and Jime in the flux, thoogli correct 
In principle, niay probably be accepted by the practical British 
aaaayer aa mere learned trilling. They have their oceasiowil use, 
however, when dealing witli some new and little-known ore ; but 
to the experienced assaycr there is no doubt that they are 
generally useless. 

Assaying by the dry method, lite almost every art to which 
science is the directrix only, soon becomes, under the teaching 
of experience, an almost mechanical craft, and without this could 
scarcely become rapidly conducted enough to be profitable when 
practised as a profession. 

Accordingly, nothing can well seem more rough and ready, or 
almost hap-hazard to the mere looker-on than the operations of 
the iron asaayer, or even of the assayer of copper ores, who deals 
with more complicated problems. 

The several flux materials are kept beside each other in small 
ranges of wooden boxes, seldom even labelled. The ores, after 
fine pulverization, are weighed out (usually in Great Britain by 
assayers' weights, which bear such a proportion to the ton of 
3340 lbs. as enables results to be calculated in very few figures ; 



Hosted =yG00gIe 



172 A PRACTICAL MAKUAL OF 

bat ivhere the French weights are employed the gramme is as 
conTcnient as any other unit) and placed each on a numbered 
paper (or dish, sometimea of glass, more usuaJly of tliin copper), 
and placed in a numbered square upon a tray, witli wbieh tley 
are transferred in batches from the balance-room to the table of 
the assayer's furnace-room, on which the fluxes stand. 

The assayer passes the ore from, one of the papers or dishes 
(replacing the latter on the tcay) into a copper shovel or shoot, 
much like those used by bankers for gold coin, but longer and 
narrower mouthed, and then adds the several ingredients to form 
the flus, by taking up as much of each as in bis judgment is 
proper, by means of a small bent hemispherical spoon or ladle. 
If unlined crucibles be employed be adds powdered anthracite in 
like manner ; mixes all tolerably evenly together upon the shovel, 
and shoots the whole thence into the cold crucibles, which also 
stand upon a tray divided and numbered to correspond with that 
for the ores. 

The wind or draught furnace is already very hot. He covers 
up the assay with more anthracite dust, and lutes on the cover, 
but not infrequently operating without any cover to the crucible 
except a deep stratum of not too finely powdered anthracite. 
Usually, however, covers are employed, and these being fitted he 
puts the crucible, or more tiian one, directly into the furnace, 
without any stand or support but what it receives from the good 
hard cokes, of which he throws in a few fresh pieces just before 
s the crucibles, so as to damp down the heat for the 
Good clay crucibles of Cornish make seldom crack 
even with this rough treatment. The march of the furnace ia 
watched from time to time, so as to see Uiat by the descent of the 
fuel, as the combustion goes on, the crucibles are not endangered 
by oversetting. Their position is rectified, if need be, by light, 
though long-handled, spring tongs, used by one hand only, and 
fresh fragments of coke are thrown in when needed. 

The assayer knows by experience almost precisely the time 
required for the complete reduction and fusion ; and after slightly 
stirring round with a stick of dry wood, or without any previous 
operation, he withdraws the crucibles, sways each round a little 
in the grasp of the tongs, and knocks it against the brick floor, 
and leaves It to cool, when each is replaced on the numbered tray 
whence the crucibles were taken, the assayer always preaeri'ing 
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(if more than one crucible be heated at once either in tho same 
or in adjacent furnaces) the aame order as to position theroia, as 
the cold crucibles occupied upon the tray — thus confusion of 
assay is avoided. When cold the crucibles are broken separately 
over a tray, and the battons and fragments, whether of raefal or 
of slag, placed in their own compartments on the numbered ore 
tray, for examination, weighing, and record. 

We believe there are aaaayera who still adhere to the crucible 
stand, and to the placing lliat and the crucible, or more than one, 
in a cold furnace, kindled as described in the test ; but the rate 
of progress ie alow, and probably there are not more failures by 
one method than by the other. The mixture and addition by 
judgment only of the fluxes to the ores of course involvea this, 
that the assayer ia working upon claasea of ores which he has 
been accustomed to ; and no asaayer, however experienced, can 
be certain of a good assay at the first trial upon an ore very 
diverse from any he has before operated on. He obtains gradu- 
ally, however, a tactile sort of knowledge of the properties of the 
ores habitual in his district, or in coojmerce, which is frequently 
marvellous In its accuracy, and led by that is seldom astray in 
the fluK mixture he employs, or for more than once at most. 

A good assayer ia never aatisfied with the result of his assay, 
unless the whole of the metal he collected into one beautifully 
smooth and rounded spheroid, taking at its lower aide the form 
of the crucible, or of its lining, and showing at ita upper aurface 
that form which capillarity confers while fluid upon a perfectly 
fused metal ; and if the scattered fragments amount to more than 
a very few spherical shots varying in diameter, he rejects the 
assay, for if the uncollected fragments be so numerous as to 
reijuire collection with the magnet, it is impossible to be sure we 
have collected all ; and we may collect with minute fragments of 
iron those of adherent slag. 

The assay furnace for iron needs a better draught (if time ia to 
be economised) than that for copper ; and perhaps the power of 
turning on a gentle fan blast from the ash-pit (as done in some 
bronze founderiea, notably that of Messrs. Barbedienne, of Paris) 
would still further save time. The crucibles should, however, 
be heated up at first by the natural draught of the furnace alone, 
as the fan blast would be too brusque for safety. 

Vei^y little reliance can be placed upon what judgment may he 
15* 
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formed from the fracture, etc, of an aBsay button as to the phy- 
sical or mechanical properties of the cast-iron itself. Tlie external 
qualities of cast-iron are far too readily affected by minute differ- 
ences of constitution, by more or less rapid cooling, etc., to admit 
of any such, judgment being made with safety ; and when a new 
ore ia under consideration for use in the blast furnace, and there 
be any reason to doubt the quality of cast-iron it may render, the 
only safe plan is to reduce some 10 to 30 ibs. of the iron ia a large 
plumbago or steel melter's pot, and to pour out the fused metal 
into a "dry sand" ingot mould, made always of the same dimen- 
eions, which may bo about 15 inches long by IJ or 3 inclies 
square, and submit this to esamiuation. 

Given an ore, what are the proportions and the 
nature of the fluxes to be employed for a euceesaful 
assay ? Such is the question we are now to answer. 

With respect to the ordinary dimensions of cruci- 
bles, we may consider 50 grammes as the maximum 
weight of the mixture to be fused, and 10 grammes 
the minimum ; for, with a less quantity, the button 
is too small, and it is difficult to decide as to the 
nature of the east-iron ; besides, the chances of error 
increase as the quantity operated on is greater. 

The ratio in the weight of the cast-iron to that of 
the slag produced in an experiment must not be 
arbitrary; in fact, as the slag always contains some 
iron, it is obvious that it is injurious to increase its 
weight unnecessarily; nor should we diminish it 
below a certain limit, for without slag, or with too 
small a proportion, the collecting of the east-iron 
into a single smooth round button would be difficult 
or impossible. 

We may consider the ratio of one to one as the 
most expedient to attain, and which should not be 
exceeded unnecessarily ; moreover, there is some ad- 
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vantage, as in oporating with this ratio wo are in 
conditions more nearly identical with those employed 
in the blast furnace. In our choice of the quality of 
the fluxes, vf^ are now guided by the following con- 
siderations: The slag should not become fused until 
after the complete reduction of the oxides of iron ; 
for if it were previously fused, it would carry with it a 
perceptible amount of these oxides; on the other 
hand, it must be completely fused at a temperature 
attainable in the assay wind furnace, for upon the 
proper fusion of the slag the success of the assay 
greatly depends. The presence of sulphur in the ore 
also exerts an influence on the selection of the flux. 
A sulphurous ore requires proportionally more lime 
than an ore free from sulphur. 

It is difficult to fix the limits of composition within 
which the slag is still sufficiently fusible. Exjieri- 
euce has shown that within the very extended limits 
admissible, the best results are obtained with slags 
containing only the silicates of calcium and alumi- 
nium, in the following projprtions: — 



6 to 15 


per 


■ cent. 


alumii 


30 to 50 




" 


lime. 


35 to 55 




" 


silica. 



Approaching the higher limit indicated for silica, 
we obtain a slag which fuses easily ; if by a mixture 
of fluxes we approach the inferior limit, we obtain a 
more basic slag requiring a much higher temperature 
for fusion, and consequently having a tendency to pro- 
duce a highly carburrettod cast-iron (gray or mottled 



Hosted =yG00gIe 



176 A PRACTICAL MASUAL OS 

iron), and exercising by its large proportion of lime, 
a desulphurising action on the ore. 

Having ascertained by the wet method the exact 
composition of the ore, we can then calculate the 
quantity of each of the fluxing materials to be em- 
ployed so as to obtain a slag of definite composition. 

Let a, e, and s, represent the respective proportions 
of alumina, lime, and silica, contained in 100 parts 
of ore dried at 100° Cent, and x, y, and z, the mini- 
mum quantity of each of the three ingredients which 
should be added to 100 parts of the ore, in order to 
obtain a slag containing A, C, and S, per cent, of 
these same ingredients, we shall have — 

a-\-x c+y _£+£ 
A "" C " S 

In order that the sum oix-^y^-zhe a minimum, one 
of those unknown quantities must be = 0, 
Supposing that this be x, we have — 

when !/ is = wo get — 

cA n cS 
X= — a;v= 0:3: = -- ■,- 

finally when 2 = 0, we get— 

S •" S ' 
Of these three syatcms, one alone will not give a 
negative value, and it is that one which we require. 
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The composition of the ore, and the elag to be ob- 
tained, being given, the general symbols are replaced 
by their numerical values, and we use that one of 
the series which leads to a positive value. 

For instance, an ore of the following composition 
being given: — 

Alumina = 4.47 

Lime = 6.75 

Silica =. 14.32 

Oxide of Iron = 71.13 {iron = 49.79 per cent.) 

Water, etc. = 3.33 

100.00 

Supposing we wish to obtain a basic slag of cen- 
tesimal composition^ 

Alumina 14 
Lime 48 
Silica 38 



We replace the letters a, c, and s, and A, C, and S, 
by their numerical values, and we get in the three 
series : — 

L 

, 4.47 X 48 



_ 6.75= 8.58 

14 



4.47 X 



-14.32= —2.19 



Hosted =yG00gIe 



PRACTICAL MANUAL OF 
II. 

48 
,= 
_ _ 6.75 X 38 1 ,1 oo „ 2 QQ 



„ = i±£.li^_6.75 = 11.34 
" 38 

2 = 0. 

"We here see that the laat Byatera is the one the 
values in which we should employ. 

But there is another question: does the ratio in 
the weight of the slag . required to that of the cast- 
iron ,agree with the quantitative fluxes that we have 
just calculate d,^nd if not, can we make it agree, and 
how? 

This is expressed in a general way by the formula 
a+c + s+j^+y + z 
F 
F being the amount of iron contained in 100 parts 
of the ore. If this ratio be equal to unity it is all 
right, and if it be greater than unity we admit it ; 
but if it be less, we can arrange it without changing 
the composition of the slag to be obtained, by in- 
creasing X, y, and z, the amounts proportional to A, 
C, and S. 

Ill this ease let 

a + c-\'S+x-\-y-irz = ¥ — h 
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The quantities x'+y' + z', to be added in order to 
make the ratio of the weight of the slag to the 
weight of the cast-iron equal to unity, are given by 
the form ul EG — 

k being equal to x'+i/'+ z' and 100 = A+C + S, by 
the conditions of the problem. 

The quantities x + x', y-\-y' and 2 + 2' of alumina, 
lime, and silica are those which we would employ, if 
the assay were made with 100 gnvnimes of matter; 
but as we always operate with less amounts, we 
must reduce them in the ratio of 100 to the number 
of grammes of ore we actually employ. 

y-^y' being the quantity of lime calculated in the 
form of oxide of calcium, we must calculate the 
weight of the carbonate of calcium that this quan- 
tity of lime corresponds to. 

Let us take the example given above; calculation 
gives us the values — 

3; = 0.81; jf= 11.84; 2 = 0. 

The quantities of alumina, lime, and silica con- 
tained in the ore are — 

a = 4.47; c=6.7ti; s = 14.32. 

The quantity of iron corresponding to the oxide 



., ,. «-l-c4-s-)-x + v4-2 , , , 37.69 

the ratio .^^L^,,._ jg therefore equal to ^^ r^j 

and k = 12.10. 
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The quantities of the different fluxes to be added 
in order to make the ratio of the slag to the cast-iron 
equal to unity, will therefore be— 

^, _ 14 X 12.10 ^ fin ,,, _ 48 X 12.10 _ ^ g^ 



100 


" 100 


^,_38 


X12-W.4.60. 
100 


3 should then employ — 


0.81+1.69 


- 2.50 of alumina 


11.34 + 6.81 


- 17.15 of lime 




4.60 of silica. 



If the calculation be correct, the sum of these 
three quantities, added to that of the numbers which 
represent the quantities of alumina, lime, and silica 
contained in the ore, should give a number equal to 
49.79; that is to say, equal to the weight of the iron 
it contains. 

In consequence of the very large limits admissible 
for scoria, we can soon acquire the habit of judging 
from looking at the ores with which we have most 
to do, what fluxes should be added. For very clayey 
ores, an addition of lime only will suffice ; with 
calcareous ores we must employ silica or alumina, or 
a mixture of the two ; acooi-ding aa the ore contains, 
in addition to lime, a more or leas large proportion 
of alumina and silica ; lastly, with ores consisting of 
almost pure oxide of iron, we should use a mixture 
of lime, alumina, and silica, or of glass, these pre- 
pared beforeliaiid, remembering what has been said 
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with regard to the proportion to be maintained be- 
tween the east iron and the slag. 

Even if we do not approximately know the com- 
position of tbe ore, we may obtain a good result by 
gueas ; for example, making a aeries of experiments 
with the addition of 5, 10, 15, 20 per cent, of lime, 
if none of these succeed, we should commence a 
second series with the addition of silica or alumina ; 
the first generally enables us to recognize what con- 
stituents are wanting for the slag, and we are almost 
certain to succeed in the second trial. 

But we are seldom reduced to this extremity, for 
a few simple quantitative trials give sufficient indi- 
cations of the composition of the ore. For instance, 
if the ore effervesce with acids it usually contains 
lime; if it be very clayey it will emit, when breathed 
upon, the characteristic "clayey" odor, and from the 
residue when treated with hydrochloric acid, and 
often by mere pulverization, wc ascertain whether it 
contains much silica. 

"When we have selected the fluxes, we mix them 
well with 10 to 20 grammes of the ore on a sheet of 
glazed paper, and place them carefully in the bottom 
of the cavity scooped out of tbe charcoal lining of 
the crucible, bringing its particles closer together by 
knocking the crucible lightly on the table, and fill- 
ing up the remainder of the cavity with powdered 
charcoal. This done, we arrange a cover for the 
crucible, provided with a small opening for the libe- 
ration of vapor and gae; set it on its stand, and 
unite all the parts with fire-clay, and place the stand 
on the grate of the furnace. In case we wish to heat 
16 
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several crucibles simultaneously, we should take care 
to arrange them eo as to allow a sufficient space for 
fuel between them ; otherwise the success of the 
assay might be compromised in one or more. It is 
very important to manage the fire well, and to heat 
the crucibiea gradually. Coke is generally employed ; 
it sliould be in pieces sufficiently small to fill the in- 
terstices between the crucibles ; if it were too small, 
it would prevent the free circulation of the air neces- 
sary for a powerful heat — or if too large may let 
pass currents of cold air. The crucibles being placed 
on the grate, we surround them with unigiiited coke 
in quantity sufficient to cover them completely. On 
the coke, throw some well-kindled charcoal, close the 
furnace, and let the coke kindle equally ; then fill 
the furnace with fresh coke to the level of the flue 
leading to the chimney stalk. After some time, the 
fire having gradually extended downward to the 
grating, we pack the coke with the help of an iron 
rod, and, if necessary, refill the furnace with fuel, 
and keep up the fire well until it may be let to burn 
out. We can withdraw the crucibles from the fur- 
nace by a pair of tongs while stil! hot, and by shak- 
ing each and gently knocking it on the floor, collect 
the grains of iron which may be scattered through 
the elag, but it is generally preferred to let the cru- 
cibles cool in the furnace. When cold, we endeavor 
to knock off the cover without breaking the crucible ; 
but if unsuccessful, we break it in two by a blow of 
a hammer, and detach and collect the contents care- 
fully upon a sheet of glazed paper. If the operation 
be well performed, we shall find the iron and the slag 
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forming a single well-fused mass, the iron in a button 
at the bottom, and easily detached clear of slag. The 
metallic button does not always represent the sum 
total of the iron obtained ; usually, the slag contains 
some more or leas spherical grains, which we must 
collect; for this purpose pulverize the slag, and with- 
draw the metallic particles by means of a magnet. 
We look for the same in the remaining charcoal 
lining, and when all the particles are collected we 
weigh the whole of the metal. Prom this weight we 
can calculate the percentage of iron furnished by the 
ore assayed. This proportion should always be in ex- 
cess of the proportion of iron calculated from the re- 
sults of an assay by the wet method, for cast-iron con- 
tains, in addition to iron, carbon and silicon, and also 
(if the ore possess these elements), sulphur, phosphorus, 
and manganese, and many ores contain some other 
bodies. It is true there ie always a small quantity 
of iron left in combination with the slag, but when 
the assay has been well performed, that is very small, 
and the loss due to this cause does not compensate 
for the increase of weight caused by the presence of 
the carbon and the other bodies we have mentioned. 
If the operation be successful, the exterior surfaces 
both of the iron button and of the slag should be 
smooth. Rough surfaces in the iron button, a porous 
texture in the slag, and the partial dissemination of 
iron through it, are proofs that the assay has failed, 
or ie unreliable either from insufficient heating, or a 
misproportioning of the various fluxes employed. 
Little can be inferred from the appearance of the 
Blag, for assays made with the same ore and the same 
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fluxes in the same proportions, may give elags of 
widely ditterent aspects, according to the tempera- 
ture to which they have been subjected, and the 
more or less rapid cooling of the crucible. "We may 
consider a bottle-green and vitreous slag as contain- 
ing oxides of iron, which may be attributed to a 
large proportion of silica in the ore or flux, and 
hence to the too great fusibility of the mixture ; and 
we may regard apple-green slags, opaque at the sur- 
face, or even all through, as indicative of the presence 
of manganese. 

The aspect and texture of the east-irou varies not 
only with the nature of the ores employed, but to a 
certain degree with the manner in which the assay 
has been performed, with the nature of the fluxes, 
with the length of time during which the metal has 
been exposed to the action of heat, and with the 
temperature to which it has been raised. We should, 
in the first place, examine the cast-iron button, with 
respect to its malleability, trying how far it may be 
hammered out without cracking at the edges or 
breaking, and then we must judge of the grain and 
color from the fracture. Malleability is in general 
the mark of a good quality. Cast-iron is commerci- 
ally classified, from these and other data, as " gray," 
" mottled ," " white," and " specular" {spiegehisen). 

The last variety is only obtained from ores con- 
taining much manganese, which furnish the best 
quality, when a large proportion of lime is employed, 
the efl^oct of which is to cause more of the reduced 
manganese to combine with the cast-irou. Manga^ 
nese appears to assist in purifying cast-iron by send- 
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iiig more or less of the sulphur and phosphorus into 
the slags. 

Ores containing a large amount of phosphoric acid 
generally give mottled or white casMran. 

Neither by one nor by the other, nor by any method, is it 
possible 1o predict the proportion of phosphorus whiob sliall be 
contained, on the average, in either pig or wTonght iron produced 
from a given ore, or mixture of ores, by the ordinary methods of 
manufacture on the great scale. Usually, the ores not being ex- 
cessively ricli in phosphorus, mere traces are found ia tlie blast 
furnace slags; hut when tlie ores are highly phosplioric, and 
much nnreduced, iron rem^na in the slag, the latter contains 
sensible amounts of phosphorus, and the iron less per cent, than 
is due lo the ore. 

Tiie fuel, temperature of blast, flux, and burden, as well as 
dimensions of blast furnace, all influence the proportion of phos- 
phorus in the pig-iron. Berthier's Memoir, in "Annal. des 
Mines" for 1838, should be consulted. 

[A dry assay of iron requires about two hours, one for the 
period of reduction, and one for the fusion. There is no incon- 
venience in lengthening the first period, but llie fusio» should be 
rapid, and at the iiighest temperature possible without fusing the 
crucibles. The colorof the cast-iron button varies with the mode 
in which the firinghaa been conducted. There is very little anal- 
ogy between the proportions of carbon, manganese, and siUcou 
obtained in this assay, and those of the same metals in the pig- 
iron produced in the blast furnace. If the button is of bad 
quality, it may be interesting lo analyze it for sulphur, phos- 
phorus, and arsenic. The dry assay has lost much of its import- 
ance, since the wet methods of analysis have been improved,] 
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PART VI. 



ANALYSIS OP CAST-IKON, MALLE- 
ABLE IBON, AND STEEL. 

The silicon, phosphorus, sulphur, and manganese, 
which these metala may contain, as well as the 
carhon, which is a constant constituent, have a very 
great influence on their industrial qualities. It is 
not then surprising that the value of analysis should 
be more and more appreciated in reference to their 
commercial relations. The time will arrive when 
sales of these metals will not be effected without a 
certificate of their analysis. The great want of 
analytical methods furnishing precise results, yet 
with a rapidity sufficient for industrial purposes, is 
probably the principal, if not the oui^', cause restrict- 
ing such a course. 

Some remarks are to be made with regard to the 
selection of the specimen for analysis. According to 
the mode of analysis employed, it may consist of a 
single fragment, or of some shavings, granules or 
filings. The hammer, the graver, the common 
mortar, Abich's mortar (otherwise called the steel 
or diamond mortar), and the file, are used, according 
to circumstances, to bring the material to a finely- 
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divided form. The drilling or planing machines 
might be advantageously employed for this purpose. 
The pulverization of cast-iron containing graphite in 
an open mortar may, by loss of uncombined carbon, 
occasion a very material error which should certainly 
be avoided. This is occasioned by the motion of the 
air, which tends to carry off the finest and lightest 
scales of the graphite. Pending the operations 
which prepare the specimen for analysis, especially 
during the sifting, care shouJd be taken to exclude 
organic matter, the presence of which would falsify 
the determination of the carbon, A metallic sieve, 
made of copper wire gauze, or a thin sheet of copper, 
pierced with very fine holes, is best for this purpose ; 
hair or silk sieves are unsuitable. 

The complete analysis (in an industrial point of 
view) of a specimen of cast-iron* includes the deter- 
mination of manganese, silicon, phosphorus, sulphur, 
carbon (in both states), and iron itself, which last we 
must not neglect, if we desire to control the results 
obtained by analysis as to the other elements. 



I.— DETERMINATION OF IRON. 

Dissolve from 0.5 gramme to 1 gramme of the 
specimen by means of slightly diluted hydrochloric 
acid, to which add from time to time a few erj'Stals 

* Under the name cast-iron {"fonie") we shRll inchide in tlie 
Biibsequont pages mallealjle irons and steels, unless wlien we find 
it necesaary specifically to refer to either of these. 
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of chlorate of potaasium, and assist the reaction by 
heat. When the solution is effeeted, dilute with a 
little water, and filter to separate the insoluble 
residue. If this still contain iron, which is almost 
always the ease, slightly wash and filter and bum it 
in a platinum crucible, then fuse the product of this 
calcination in the same crucible, with a email quan- 
tity of sodic carbonate of potassium, and a little 
saltpetre. The fused mass i? treated with diluted 
hydrochloric acid, and the solution thus formed is 
added to the firet liquid. Heat to expel the free 
chlorine, and ascertain the amount of iron by means 
of chloride of tin (as previously directed). If per- 
manganate of potassium be preferred, it is necessary 
to add first to the liquid a small quantity of sulphuric 
acid, then evaporate to dryness, treat with dilute 
sulphuric acid, and reduce the persalt of iron to the 
protosalt by means of zinc. 



II.— DETERMXKATIOK OF MANGANESE. 

We operate upon a specimen larger in proportion, 
as the manganese supposed or indicated to be in the 
iron by a previous experiment is smaller. Make the 
solution as directed in the preceding paragraph. As 
the filtered liquid contains the whole of the manga- 
nese of the specimen, there is no occasion to notice 
the insoluble residue. Ascertain the quantity of 
manganese according to one of the methods already 
detailed in reference to the analysis of ores. Observe, 
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that a single operation ia not eiifficient to separate 
inaiiganeso completely from the iron. 



III.— DETERMINATION OF SILICON. 

Silicon is found in cast-iron, partly free and partly 
in combination, as siiicide of iron, partly as silicic 
acid in combination with bases, in the form of parti- 
cles of slag intermingled with the cast-iron. To 
ascertain the quantity of silicon, dissolve 5 to 10 
grammes of pulverized or simply granulated cast- 
iron in slightly diluted hydrochloric acid. A porce- 
lain dish may be employed, but better still a platinum 
capsule, for porcelain is not always safe from attack 
by acids. After complete solution, add some drops 
of sulphuric acid to the liquid, then evaporate to 
dryness in the water-bath until hydrochloric acid is 
no longer liberated. The silica is rendered insoluble. 
Treat hot with hydrochloric acid and water, and 
separate the insoluble residue, which contains dif- 
ferent substances, by filtration. In order to isolate 
the silica, burn the filter, and fuse the residue with 
the alkaline carbonates and a little saltpetre ; treat 
the fused mass, to obtain solution, with hot water 
containing a little hydrochloric acid and some drops 
of sulphuric acid; evaporate to dryness in the water- 
bath. Again dissolve it with some drops of hydro- 
chloric acid and hot water; everything is now in 
solution, except the silica, which is separated by 
filtration, dried and weighed after calcination. This 
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weight corresponds to the total silicon; to ascertain 
in what proportions thie is divided, between free 
siiicon and the silicon involved in the cast-iron in 
the state of slag, we must determine the latter in the 
manner about to be described, and the former by tho 
diii'erence. 

Determination of Silicon in the Involved Slag. 

We are not aware that more than one method for 
this has been proposed, viz., that given by Fr^s^nius 
in his " Treatise on Analysis," which we shall give 
verbatim, with the manner in which that author 
recommends the solution to be made. 

"In order to ascertain theamount of slag involved 
in cast-iron, dissolve a sufficient portion in very 
largely diluted hydrochloric acid, with the help of a 
voltaic current. The solution is effected with the 
feeble current of electricity, obtained by a single 
element of Bunscn's, by plunging the piece of iron 
to be analyzed as the positive electrode into the 
diluted hydrochloric acid. The iron is dissolved as 
a protocbloride, giving up its carbon, and forming no 
gaseous product with it and the hydrogen liberated 
at the opposite or negative electrode. With a strong 
current we should not succeed, because under its 
influence the iron easily becomes passive; in this 
case, chlorine is disengaged upon the surface of the 
iron, and oxidizing the carbon already deposited, 
produces with it a direct combination analogous to 
hydrochloric acid (?) which the current decomposes, 
forming a deposit of carbon at the negative pole. In 
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both cases there would be a loss of carbon; in the first, 
in the form of carbonic oxide or carbonic acid ; in the 
second, in the state of a carburet of hydrogen derived 
from the carbon and hydrogen arriving together at 
the negative pole. 

" Take a piece of iron, from 10 to 15 grammes, fix 
it by means of a pinching screw on a platinum point, 
and plunge it into the dilute acid in such a manner 
that the point of contact of the iron and its holder 
be not wet with the hydrochloric a«id (otherwise the 
carbon deposited on the platinum would afieet the 
whole operation), attach the holder to the wire of 
the positive pole, plunge also the plate of platinum 
forming the negative electrode into the acid, and by 
the distance maintained between the two electrodes 
regulate the intensity of the current, ao that only the 
protochloride and not the perchloride of iron shall 
be formed. The production of the latter is recognized 
by the yellow streaks of more concentrated chloride 
of iron which pass oft" from the piece of iron. The 
exterior appearance of the iron changes but little 
during this operation, because the carbon preserves 
nearly the form of the iron. When the immersed 
portion of the cast-iron is dissolved (usually in about 
12 hours after immersion), stop the current, separate 
the compact metallic portion from the carbon mass 
adhering to it, weigh after desiccation, and ascertain 
the amount of iron dissolved. In this way the slag 
is not attacked, but remains in the carbon mass we 
separate from the undissolved portion of the iron. 
Collect all on a small filter, heat to redness until all 
the carbon is burned oft', boll the residue with 
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carbonate of Boda, to carry ofl' the silica, which ia 
only ill the state of simple mixture, heat the residue 
to redness iu a current of hydrogen, and then in a 
current of dry chlorine, free from contact with the 
air, treat the mass with a little dilute hydrochloric 
acid, then again with a boiling solution of carbonate 
of soda, wash, dry, and weigh. If the quantity of 
slag be not sufficient for analysis, determine the pro- 
portion of silica in it, and calculate the amount of 
oxygen of the bases combined with silicic acid, 
according to the approximately known ratio between 
the oxygen of the acid and that of the bases in 



This method is ill-adapted to an industrial labora- 
tory. We are inclined to think that the desired 
result may be obtained more simply, and with suffi- 
cient accuracy, by the following process: — 

Dissolve the cast-iron with bromine water, which 
leaves the slag, carbon, etc., as an insoluble residue ; 
filter and wash this residue, then treat it directly 
without calcination, with a boiling solution of 
carbonate of sodium, which dissolves the free silica; 
filter, wash, and calcine the matter left unacted on 
by the carbonate of sodium, and in this last residue 
proportion the silica of the slag in the usual way, 
having fused it with carbonate of potassium and a 
little saltpetre. 

It seems extremely doubtful wlielher either of those processea 
can afford an exact determination of the amount of slag, or 
"cinder," mechanically involved in cast or in wrought iron. 
The total quantity in marketable iron is very small, and from me 
lature of the slags, as usually involved in cast-iron at least, it ia 

:arcely possible but that more or less must not be decomposed 

17 
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by the hydrochloric acid or the hromine, and so rendered soluble. 
The inquiry is of very small industrial importance in any case. 
There is much more involved ' ' cinder' ' from the puddling process 
in. wrought iron, bare occasionally than the writer at least has 
ever remarked in pig-iron, yet Mr. Sorby's microscopiciexamina- 
tion of polished specimens have indicated how very minute la the 
total amount of "cinder" to be found in well-manufiictured 
■wrought iron. It is stated in some books of authority, that the 
fibrous or striated structure developable in wrought iron by the 
slow surface action of dilute hydrochloric or sulphuric acid (as 
first pointed out by the late Professor Baniel), is due to tlie eating 
out from the mass elongated strips of involved cinder ; and in 
fact some authors have deemed the "fibre" of a weU-rolled bar 
to be due to the stretching out of portions of the iron by differen- 
tial movements permitted by the presence of involved, and at the 
same time liquid, slag or cinder. 

These are unquestionably errors, however. The very finest 
bars, such as a piece of good Lowmoor, or Staflbrdshire, "rivet 
iron," and not containing a particle of " cinder," are neverthe- 
less the most perfectly and uniformly fibrous, and when dissected 
slowly by immersion in acids, are yet acted upon so unequally 
as to produce sharp fibrous ridges stretching along the piece with 
deep clefis between. The writer claims to have been the first to 
point out the true law governing the development of crystalline 
and fibrous structure in iron in all its various states, in his work 
"On the Physical Conditions involved in the Materials for the 
Construction of Artillery," in 1854 They are important to be 
fully understood by every chemist engaged in iron industry, 

[We do not entirely agree with the English editor as to the 
little practical value of determining separately the silica from the 
silicon and the cinders, since English rails have been found to 
contain as much as 5 per cent, of ciader. 

Qood cast-iron and cast-steel seldom contain cinders inside. 
The outside deposit on pigs or sandage is generally deducted 
ikim the weight of the metal, and if a test is to be made for 
silicon, the sample should be taken from the inside. In rolled 
metals the cinder is not regularly distributed, therefore the sample 
for analysis should be taken from various places of the bar, and 
especially from sections perpendicular to its axis. 

Instead of bromine water, Professor Eggertz employs iodine 
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or bromine with a certain proportion of water, just enough to 
disaolve tiic iodide or bromide of iron formed during the reftction. 
For instance, 3 grammes of finely divided metal are mixed witli 
15 grammes of boiled, but cold, water, and 15 grammes of iodine 
added by small portions at a. time. The eoTered vessel ia kept 
in ice- water, and the contents are stirred now and then carefully, 
80 as to avoid an elevation of temperature, which would result in 
the formation of oxides and of basic salts. 

When the solution is complete, 30 grammes more of boiled and 
very cold water are added to it, and, afler stirring and allowing 
to settle, the whole is filtered, and the washing is continued with 
cold water. The filtrate contains iodide of iron and a small pro- 
portion of soluble silica (from the silicon), and the filter holds the 
dnder, the oxide of Iron, and the remainder of the silica resulting 
from the silicon in the metal, plus carbon, etc. We do not calcine 
the filter and its contents in order to avoid the possibility of a 
combination of the silica (from silicon) with the cinder. The con- 
tents of the unfoldedfilter are carefully washed and brushed over 
into a platinum dish, in which the silica is dissolved by a satu- 
rated solution of carbonate of sodium mixed with twice its volume 
of water. After boiling for about one hour the liquor is filtered, 
and the residue ia again treated with a small quantity of alkaline 
solution, which is also filtered. The solution of silica in carbo- 
nate of sodium is acidified by hydrochloric acid, and mixed with 
the iron solution, and the whole evaporated to dryness on the 
water -bath. Thirty cnbic centimetres of hydrochloric acid are 
then added, which are also evaporated in order lo render the 
silica insoluble. This substance is determined in the usual man- 
ner, and its purity ascertained by evaporation with hydrofluoric 
acid or fluoride of ammonium, becanse it may contain a small 
proportion of yanadic or tungatic acids. 

What remains upon the filter is the cinder, carbon, oxide of 
iron, etc., whicharedeterminedby some of the methods indicated 
in this work. 

The operation is conducted in a similar manner when bromine 
is employed Instead of iodine. The proportions are 3 grammes 
of finely divided metal, 6 cubic centimetres of bi-omine, and 60 
c. c. of very cold water, previously boiled. The vessel is kept 

The metal may be dissolved in pieces, instead of in powder or 
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filings, but the operation is much longer, and tlie surface of the 
metal onght to be kept clear from carbon by nibbing it with a 

It Is very likely that during this operation, a certain quantity of 
bydrobromic or hydroiodic acids is formed, but their proportion 
will be too small to act sensibly on the slag or oxide, if tlie 
analysis is performed rapidly, and at a low temperature. It is 
always very difficult to render tlie whole of the silica insoltihle, 
especially when it is mixed with a large proportion of iron 
salt.] 



IV.— DETERMIKATIOK OF PHOSPHORUS. 

Dissolve 3 to 5 grammes of pulverized east-iron or 
iron turningB eitlier in nitric acid or in aqua regia, 
made with three volumes of hydrochloric acid and 
one volume of nitric acid ; we may also use bromine, 
but we cannot use hydrochloric acid alone, because it 
would liberate a part of the phosphorus in the form 
of phosphamine (phosphuret of hydrogen). 

Whatever agent be employed, evaporate to dryness 
to render the silica insoluble, and take up the residue 
with an aqueous and boiling solution of hydrochloric 
acid, determining the quantity of phtapboric acid 
contained in the liquid by one of the methods 
detailed in a preceding chapter. We can also treat 
the solution of the iron neutralized with ammonia 
with the hydrosulphide of ammonium; the iron is 
precipitated as a sulphide ; filter, and in the liquid 
precipitate phosphoric acid with sulphate of mag- 
nesium. 
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[If the iron is dissolved in concentrated nitric acid, and the 
solution evaporated to dryness, we may obtain all the phosphoric 
add and part only of the iron in solution, by digesting for 13 
hours the dried residue in dilute nitric acid. As we get rid in 
this manner of the greater part of the iron, the subsequent opera- 
tions are rendered more easy,] 



v.— DETERMINATION OF SULPHUR. 

First Method: by direct transformation of Sulphur 
into Sulphuric Acid. 

Treat in a covered vessel 3 to 5 grammes of the 
cast or wrought iron in fragments with fuming nitric 
acid ; as soon as the eiFerveaeenoc diminishes heat 
to assist the solution, and, when that is completed, 
add hydrochloric acid and evaporate to dryness. The 
residue having been treated with hot dilute hydro- 
chloric acid, filter to separate the insoluble matter. 

The sulphur changed into sulphuric acid remains 
in the liquid ; precipitate with chloride of barium in 
the form of the sulphate of that metal. Collect the 
sulphate, wash, dry it, and weigh after calcination. 

[The sulphides of iron are irregularly distributed in the metal, 
and will be found in greater proportion at the top than at the 
bottom of a pig, for instance. Therefore, a test sample should be 
taken from different parts of the piece to be esammed. 

Nitromuriatic acid does not transform all the sulphur into 
sulphuric acid, and a certain proportion escapes in the slate of 
hydrosulphuric acid. Professor Eggertz gives the following 
method: put 5 grammes of finely divided metal and 10 grammes 
of chlorate of potassium in 200 cubic centimetres of water. Boil, 
and add 60 c. c. of hydrochloric acid by small quantities at the 
beginning and more rapidly afterwards. Continue the boiling 
17* 
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and stirring until all the metal is dissolved. TJien filter, and 
precipitate tlie sulphuric acid with chloride of barium, etc.] 

Second Method: by the previous transformation of 
Sulphur into Hydrosulphurie Add. 

This method is founded on the faculty which 
sulphurous cast-iron possessea of parting with its 
sulphur, in the form of hydrosulphurie acid gas, 
accompanied by the phosphuret and carburets of 
hydrogen and free hydrogen gases, when attacked by 
a non-oxidizing acid, such as the hydrochloric. By 
passing the gases into a metallic solution capable of 
retaining the sulphur and producing an insoluble 
sulphide, we can collect the latter, and changing it 
into sulphuric acid, weigh it in the form of sulphate. 
The solution of the iron may be made in the apparatus 

Fig. II. 




represented in Fig. 11. a is a flask of about 300 
cubic centimetres in capacity,* carrying a capacious 

* All these dimensiona are only approximate, and may be much 
Yfvried- 
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funnel tube (furnished with a cock), and extending 
to the bottom of the flask ; a gas-tube doubly bent 
places the flask in communication with a small con- 
denser (formed of a test-tube) two centimetres in 
diameter and ten centimetres long, containing a very 
small quantity of water. This condenser is plunged 
in a vessel filled with cold water. The apparatus is 
completed by a series of little flasks, rf, e,/, each 80 
cubic centimetres in capacity, half filled with the 
liquid intended to absorb the hydrosulphurie acid. 

Put 3 to 5 grammes of cast-iron in tl^e iask, or 
more, if the proportion of sulphur be very small ; add 
a small quantity of distilled water; arrange the ap- 
paratus, taking care that all the corks are perfectly 
air-tight, then pour in, gradually, slightly diluted 
hydrochloric acid through the funnel tube, and 
regulate the supply, so as to produce the escape of 
gas bubble by bubble. "When the last addition of 
acid produces no apparent reaction, beat the flask, 
slightly at first, then progressively, until the liquid 
commences to boil, and keep it at that point for 
some time. The hydrochloric acid and steam which 
are liberated are condensed in b, which fills rapidly. 
"When the liberation of gas through the flasks, d, e, 
and/, has ceased, stop the operation, which has lasted 
two to three hours, decant, and treat the precipitate 
contained in the absorbing flasks. The nature of 
this precipitate and the treatment to which it is sub- 
jected depend upon the reagent employed. Either 
an alkaline solution of oxide of lead or a neutral 
solution of nitrate of silver may be used as absor- 
bents. 
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1st. — -Alkaline Solution of Oxide of Lead* 

The action of hydrosulphurie acid upon tliia 
reagent forms sulphide of lead; separate this by 
filtration on a email filter from the excess of the 
reagent employed, wash it a little, dry, and fuse it 
along with the filter it is on, with carbonate of soda 
and a little saltpetre. The melted mass is treated 
with water, the solution is subjected to a current of 
carbonic anhydride, in order to precipitate any traces 
of dissolved lead, and then separated from the 
insoluble matter by filtration. Then acidulate the 
liquid with hydrochloric acid, and precipitate the 
sulphuric acid with chloride of barium, using the 
precautions indicated already. 

2d. — Solution of Nitrate of Silver. 

Introduce into each of the little flasks, d and e, 
forty cubic centimetres of a solution of nitrate of 
silver, containing one part of the nitrate to twenty 
parts of water. In flask/, twenty cubic centimetres 
of this solution are placed, adding thereto an equal 
volume of water. 

By the action on the nitrate of silver of the gases 
liberated by treating cast-iron with hydrochloric 

• The alkaline solulion of oxide of lead is prepared by adding 
cauBtic potasaa in Email pieces, or in strong solution, to a solution 
of tlie nitrate or acetate of lead, In quantity more than sufScicnt 
to completely redissolve tlic precipitate whicli forms at first. The 
solution is of a suitable concentration if it contwn 35 to 30 milli- 
grsmmes of lead for each cubic centimetre of liquid. 
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acid a black precipitate is formed, principally com- 
posed of the sulphurct and plioaphuret of silver. 
There ia a alight disturbance in all the absorbing 
flaska, produced by the reduction of a small quantity 
of silver by the evolved hydrogen. Pour the con- 
tents of all the little flasks on the same filter, begin- 
ning with the one farthest from flask a, wash them 
out once with distilled water, and use this water to 
wash the precipitate. After this imperfect, but 
Buffieient washing, pour some water and a little 
bromine into flask /; shake and warm slightly to 
dissolve the bromine, then plunge the ends of the 
tubes from d, e, and /, into the liquid. The black 
matter adhering to them changes rapidly into yellow 
bromide of silver ; wash now the tubes with distilled 
water, and then pour the bromine water from/ into 
e; when the small quantity of black precipitate in 
it has also been changed into bromide of silver, pour 
the liquid into the third ilask, and from that, when 
it has acted upon the matter adhering thereto, into 
a matrass of 250 or 300 cubic cent., wash all the 
absorbing flasks, and add the water to the first 
liquid, so as to unite the whole. 

Add to this a new quantity of bromine, place the 
funnel containing the precipitate of the sulphide over 
the matrass, pierce the filter, and, aided by a little 
water, cause the greater portion of the precipitate to 
fall into the matrass, into which finally put the 
filter itself. Heat slightly to be sure that the action 
ia complete, and to expel the exceaa of bromine, 
which should until then be carefully preserved in 
the liquid. 
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The reaction between the sulphuret of silver, the 
water, and the bromine, maj' be represented bj the 
formula — 

Ag^S + 8Br + 4H=0 = ffSO^ + 2AgBr + 6HBr. 

The pLosphuret of silver is transformed by an 
analogous reaction into bromide of silver and phos- 
phoric acid. Separate the bromide of silver by 
filtration ; the acid and hot liquid is quite free from 
fixed matters and in good condition for the precipi- 
tation of the sulphuric acid with chloride of barium ; 
be careful to use only a slight excess of this reagent, 
which can easily be effected by employing a stand- 
ardized solution. 

[Instead of a neutral solutioa of nitrate of silver, made by dis- 
solving the dry crystals of nitraleiu water, many cliemists employ 
ammoniacal solutiousof nitrate of silver, or of chloride of copper, 
or of clilonde of zinc 

A rapid colonnietric process for the determination of sulphur 
m iron and wliicli gives approKimate but Useful, results wlien 
the proportions are small, has been proposed by Professor 
Eggertz A bright plate of an alloj of silver (75 parts) and 
copper (25 pirti) is suspended in a closed tube, on the bottom 
ol which there is the sample of iron (0.1 giamme) to be tested, 
and enough diluted salphuric ac d to d ssiolve t The s Ipl ur f 
any, is transformed into hydrosulphur c ac d wl ch colors tl e 
silver alloy a shade correspoalng to a g ven propo t on of 
sulphur, determined by previous exper meats The alloy I e 
comes yellow, brown, and steel-blue wthall ntermed arv shades 
Steel-blue corresponds to 0.3 per cent of s Iphur in ron The 
determination of the shades is ass sted bj a companwu w h 
various alloys accompanying the nstrument More ielilel 
accounts of the process are lo found Percy s Metallurgy ot 
Iron and Steel, and Gruner's Manufiicture of Steel ] 
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VI.— DETERMIXATION OF CARBON. 

Of all the elementa which enter into the composi- 
tion of the industrial products with which we are 
here engaged, carbon ia, after the iron itself, the moat 
important. It is generally admitted that it may 
exist in cast-iron in two forms — let, in the state of 
crystallized carbon or graphite ; and 2d, as dissolved 
or combined carbon. Iron and steel contain it in the 
latter condition only. The weight of the whole of 
the contained carbon is generally ascertained, but it- 
may also be desirable to fix the proportions of the 
carbon as found in each form. In the analyses in 
which we are engaged it is advisable always to 
pursue the same method of operation ; for in general 
different methods will give different results. By 
always operating in the same way we can at least 
insure comparable results, and that ia the essential 
point. 

A.— DeTERMISATIOS op the total amount of CAItBON. 

It is generally admitted that the determination by 
direct weighing of the carbon separated from cast- 
iron gives rise to error, as the separated carbon inva- 
riably contains hydrogen and even oxygen in com- 
bination. The only method leading to exact results 
is to burn the carbon, and to ascertain the amount 
in the form of carbonic anhydride, condensed in a 
solution of potassa, contained in an absorbing bulb 
apparatus, previously weighed. The increase of 
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weight gives what we require. The transformation 
of carbon into carbonic anhydride can be done 
directly by submitting caat-iron to the action of 
certain oxidizers, or by first liberating the carbon, 
and then burning it. 



1st. — Determination of Carbon in Cast-Iron by direct 
Combustion. 

The most simple mode of effecting direct combus- 
tion is that proposed by Wdhler ; that chemist burns 
finely pulverized cast-iron in a current of oxygen. 
It is obvioiia that cast-iron, even when pulverized, 
forming a more or less compact mass, oxidizes with 
difficulty. To render the mass more permeable to 
the gas, Rose adds the oxide of copper. 

Instead of employing free oxygen as an oxidizer, 
we may burn cast-iron by heating it with a substance 
that will yield its oxygen to it. Kuddernatsch 
employs oxide of copper only. "We can hardly 
believe that complete oxidation can be obtained by 
this method. Hegnault and Bromeis proposed a 
mixture of chromate of lead, and chlorate of potas- 
sium; but Kuddernatsch, having remarked that this 
mixture liberates chlorine when exposed to the action 
of heat, it is preferable to employ a mixture of 
chromate of lead (ten parts), and bichromate of 
potassium (one part), as indicated by Mayer. The 
combustion of the cast-iron is effected in apparatus 
and by methods c[uite the same as an organic 
analysis — ^viz., in a tube of refractory glass, heated 
either with charcoal in Liebig'a iron-plate furnace, 
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or, wliieh is preferable, by means of coal gas in a 
special apparatus. The apparatus aud the manipu- 
lationa being nearly the same as those used for the 
combustion of carbon liberated from cast-iron, we 
refer to that article for detailed description. 

2d. — Determination of Carbon nfter liberation from, 
ike Iron. 

a. Previous liberation of the Carbon. 

First Method: by Bromine. 

Operate. with 5 to 10 grammes of cast-iron in fine 
granuJes placed in the bottom of a narrow vessel con- 
taining water, into which pour afterwards sufficient 
bromine to cover the iron and prevent it coming in 
contact with the water. Let the bromine act at the 
ordinary temperature; stir the iron in the bromine 
gently from time to time. Decant the water con- 
tiiintng bromide of iron now and then, replacing it 
with fresh water, and make a new addition of 
bromine, if necessary. 

When we consider the solution complete, which in 
certain cases is not for some days, carefully decant 
the water and expel the excess of bromine by gentle 
heat. Add hot water and a little hydrochloric acid. 

The weight of the carbon is ascertained according 
to one or other of the methods indicated further on. 

Second Method: by Chloride of Copper. 

Operate with 5 to 10 grammes of cast-iron, reduced 
to granules smaller as the iron is whiter and harJer, 
18 
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and at a temperaturG not exceeding 50° Cent., 
eubmit it to the action of a solution of chloride of 
copper ae neutral as possible, and containing at least 
a quantity of cofiper equal to one and a half that of 
the cast-iron emjiloyed. The reaction between the 
iron and the chloride is represented by the follow- 
ing : — ■ 

Fe' -I- 2CuCP = Fe^Cl* + Cn\ 

The iron takes tlie place of the copper, abandoning 
its carbon, which is mixed with the metallic oop|ier 
precipitated. The action is assisted by frequent 
Btirring, and when over (which is known by the 
absence of hard grains in the undissolved residuum 
when felt with a glass rod) decant the liquid into a 
second vessel, and treat the mixture of copper and 
carbon witVi a fresh portion of solution of chloride of 
copper, mixed this time with hydrochloric acid. By 
this means tlie copper is dissolved, aud in the state 
of chloride of copper is soluble in hydrochloric acid — ■ 
Cu + CnCP = Cu^CP. 

Tlie carbon remains along with the silica, etc. ; the 
mode of determining its weight is given further on. 

It has been proposed to replace the pure chloride 
of copper by a mixture of this salt and chloride 
of sodium. The object of the latter is to render 
the cuprous chloride soluble by forming with it a 
double salt, and thus avoiding the employment of 
hydrochloric acid. "We may also substitute for the 
chloride of copper a mixture composed of the sulphate 
of this metal aud chloride of sodium. The solution 
employed in this ease is formed of twenty ^larts of 
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crystallized Buljphate of copper and twenty parte of 
cliloridc of sodium with 100 parts of water. 

Third Method : by Bichloride of Mercury. 

Triturate in a porcelam mortar one part of cast- 
iron in powder or filings, with fifteen to twenty 
parts of bichloride of mercury, and a sufficient quan- 
tity of water to form a thin paste; the chloride of 
mercury acts upon the iron, and pro tochio rides of 
iron and mercury are formed— 

Fe= -I- 4HgCI' = Fe^Cl* -{- 2Hg=Ci^— 

the carbon remaining intact. The reaction has 
terminated when no more hard grains remain under 
the pestle, which takes place after about half an hour. 
Dilute the paste with 200 to 250 cubic centimetres of 
hydrocliloric acid, and leave all in the oven for about 
an hour at a temperature of 60° to 80° Cent. The 
jirotochSoride of ii-on and the mercuric chloride not 
decomposed are dissolved ; the protochloride of 
mercury remains with the carbon and silica as an 
insoluble residuum. This is thrown on a filter and 
washed with warm water, dried, separated from the 
filter, and placed in a platinum boat. This is put 
into a tube of refractory glass and heated there by 
means of a gas or charcoal furnace in a current of 
pure, dry hydrogen. The whole of the protochloride 
of mercury volatilizes and condenses either in the 
colder parts of the tube or in a flask fitted to it for 
the purpose of collecting the mercurial vapors, which 
are dangerous to inhale. Allow the platinum boat 
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to cool in the current of hydrogen, then weigh it, 
having first inclosed it in a small tube of thin glass, 
fitted with a cork, to prevent the absorption of 
moisture by the carbon. After weighing, the boat 
is heated first in contact with the air or a current of 
oxygen, in order to burn off the carbon, then again 
in a current of hydrogen, in order to bring back the 
residuum of thia combustion to its condition when 
first weighed. By weighing a second time we obtain 
the weight of tlie carbon by the difi'erence, "We 
might also determine the weight of the carbon by 
the quantity of carbonic anhydride it produces as 
hereafter stated. 

Fourth Method: by Galvanic Current. 

This method has the atl vantage of the others in not 
requiring the mechanical division of the specimen. 
"We have already detailed the mode of operating 
according to Fr^s^nius in reference to the determi- 
nation of silicon, which is also here to be employed. 
The carbon residue is separated from the liquid, and 
the weight of the carbon it contains is determined 
ty one of the methods here given. 

[Wohler employs for t!ie preTious liberation of the carbon 
imolher method, by whicli chlorine gas is made to pass upon the 
metal kept in a porcelain boat, and heated to a dull redness in a 
glass or porcelain lube. This process is rapid, and presents tlie 
advantage of not requiring that the metal should be finely divided. 
"When the chloride of iron has been Tolaiilized, the carlion 
remains in the boat and is cooled there in an atmosphere of 
chlorine. This gas should be entirely free from hydrochloric 
acid, in order to avoid a loss of carbon in the sliapc of escaping 
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hyiirocartioii3. There may, possibly, he some light particles of 
tarlion carried away from the boat by Ibe gases, hut we believe 
that the loss from that cause is veiy small.] 



b. Determination of the weight of the Carbon 
eliminated. 

Whatever method we employ to obtain the libera- 
tion of the carbon, it is always a^eonipanied with 
foreign bodies. We have already stated that the 
only way accurately to determine the weight of the 
carijon is to transform it into carbonic anhydride, 
and to weigh it in that state. Still as we may not 
have the apparatus required for thia always at our 
disposal, we should notice two other raetliods giving 
ajiproxiniate results. 

First Method. 

Throw the carhon residuum separated from the 
east-iron on a weighed filter, having submitted it to 
the action of dilute hydrochloric acid; wash it well, 
determine the weight after desiccation at 100° Cent., 
and then calcine. The carbon is burnt off, and 
nothing is left but the fixed matter which had been 
mixed with it. Weigh the residuum, and regard the 
difference between the weight now obtained and that 
fitriiished by the preceding method as representing 
that of the carbon. This result is not exact: the 
error arises from the combined carbon that has been 
separated from the east-iron containing hydrogen and 
18* 
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oxj'geii, and from the silica mixed with it not being 
completely dehydrated at 100'^ Cent. 

[Silica obtained by precipitation and dried at lOCP C, contains 
very nearly 94 per cent, of perfectly dry, or calcined, silica.] 



Seco7id Method. 

The filter upon which the carbon ia thrown is 
placed with its contents in a small porcelain crucible, 
covered closely, and then placed in a larger crucible, 
and covered completely with small pieces of wood 
charcoal. The larger crucible is provided with a 
cover, and tbe whole is heated red hot in a muffle 
furnace until the filter is completely carbonized. 
Cool before opening, and then ascertain the weight 
of the matter contained in the interior crucible. 
This weight includes that of the carbonaceous 
residue of the filter, that of the carbon separated 
from the cast-iron, and that of the fixed matter 
mixed with it. "We obtain the weight of the latter 
by burning oft' the carbon of the cast-iron and that 
of the filter. We ascertain the weight of the sub- 
stance left after the calcination of the filter iu a close 
vessel, and thus the difl'erence gives the weight of 
the carbon. To obtain the weight of the filter, 
make a certain number of the same size, and equal 
in weight, of paper of the same thickness and grain ; 
calcine several of these filters in a crucible from 
which the air is well excluded; weigh the carbon 
arising from the carbonization of the paper. By 
conducting all the operations in exactly the same 
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manner, ive obtain, after some trials, weights per- 
ceptibly equal for all filters of the same size.* 



Third Method: hy CoinhusUon. 

The liquid obtained by attacking the cast-iron is 
filteredonaplugofasbeatoaf or a sponge of platinum, 
placed in the bottom of a tube tapering at the end, 
o^ in a small funnel. Having washed the carbon 
residuum, first with hydrochloric acid, then with 
pure water, until the acid be completely got rid of, 
dry it at 100° Cent., or at a temperature a little 
higher, in the same tube in which it was collected 
by filtration. Mix it with peroxide of copper, and 
effect the combustion by means of its oxygen. The 
apparatus applicable to this purpose is represented 
by fig. 12. a, b, c, is a tube of refractory glass, from 
60 to 70 centimetres long, and 12 to 15 millimet.res 
interior diameter, filled from 6 to c with oxide of 
topper in grains, retained between two plugs of 
asbeatrei or of fine copper wire; rf is a tube filled 
with chloride of calcium ; e, au apparatus filled to 
about a third with concentrated solution of caustic 
potassa (1 part of caustic potaesa and 2 parts water) ; 
and/, a small tube half filled with potassa in small 
fragments, and half with chloride of calcium ; ^ is a 
gasometer filled with oxygen; h, a tube of U form, 
filled with sodic lime, in order to retain the carbonic 



• Rivol's "Docimasie," t. ili. p. 533. 

I The asbestos should be purified wiOi boiling hydrochloric 
cid, ftud then calcined. 
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anhydride which tJie oxygen often contains, 
consetjuence of the presence of small quantities 
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orrranic matter in the oxide of manganese or other 
bodies from which it is prepared ; lastly, i is a wash- 
ing-flask containing sulphuric acid, and intended t-o 
dry the gas, and to indicate the rapidity of its 
liberation. The different parts of the apparatus are 
united with well-fitted corks or caoutchouc tubes. 

Put a small quantity of powdered oxide of copper 
in a very dry porcelain mortar, and spread it with 
the pestle ; by a copper or platinum wire, or a glass 
rod, cause the carbon, and the plug which held it in 
the tapered or funnel-shaped tube before described, 
to fall into the mortar; then pour a little oxide of 
copper into the tube, and, turning it round, detach 
any carbon which may be adherent to it by the 
friction of the oxide. Add this oxide to that in the 
mortar; mix all well together, and introduce it, by 
the extremity a, into the part a b of the combustion 
tube. Clear perfectly the pestle and mortar by means 
of some more oxide of copper, which may be first 
passed through the taper-tube funnel to carry off the 
last traces, if any, of the carbon, and put this also 
into a b. Put together the apparatus as shown in 
the figure, having accurately weighed the vessel con- 
taining the caustic potassa solution, and the tube/, 
together; then begin to heat the oxide of copper 
contained from b to c, taking care to protect the cork 
with an iron screen. "When this first part has been 
heated red, heat the remainder of the tube progres- 
sively, advancing from b to a. At the same time 
cause the oxygen to pass, bubble by bubble, through 
the apparatus. 

Under the combined influence of the oxide of 
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copper and oxygen the carbon burns, and is eliiinged 
into carbonic anhydride; the gases escape through 
tube d, where they are dried, and through the vessel 
containing the caustic potasaa solution, where the 
carbonic anhydride is aliaorbed and retained. 

Tlie excess of oxygen only passes through tube/, 
where it is deprived of the water it had carried off 
from the solution of potassa, and from thence it 
passes into the air. When the combustion is termi- 
nated, detach the tube h from the gasometer, and let 
a current of air paaa through the apparatus for five 
minutes, by means of an aspirator fitted at/. Detach 
the tubes e and /from the tube d^ and v^eigh again; 
the increase of weight represents the amount of 
carbonic anhydride absorbed, and from this weight 
wo calculate the weight of carbon in the cast-iron 
submitted to analysis. 

B. — Determination of the Uncombined Carbon, or 
Graphite. 

Treat from 5 to 20 grammes of east-iron according 
as it contains more or less graphite, with hydro- 
chloric acid diluted with ^ to 1 volume of water. 
Heat slightly to assist the solution, and when that is 
eti'ected, which we ascertain by the liberation of gas 
ceasing, dilute with a little water and collect the 
residuum, pouring the liquid on a weighed filter 
DryatlO0° Cent., and weigh. Calcine the residuum; 
the graphite and the filter are burnt together ; we 
ascertain the weight of the fixed matter remaining, 
and, by the difterence, we learn the weight of the 
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graphite. This method is not free from error. To 
obtain accurate results, we should iilter the solution 
obtained with the aid of hydrochloric acid, through 
a platinum sponge or asbestos plug, as described in 
the paragraph relative to the determination of the 
total amount of carbon, and wash, first with boiling 
water, then with a solution of potasea; remove the 
last traces of this by washing with alcohol, and, 
finally, wash with ether. Dry the residuum, and 
ettect the combustion as already directed. 

C. — Determination of Carbon of Combination, 

First Method: by Difference. 

Ascertain separately the total amount of carbon 
and the amount of graphite, according to the methods 
just indicated. Subtracting the second from the 
first, the dift'erence gives the amount of carbon of 
combination. 

Second Method : hy Colorimetnc Comparison. 



Tliis process is founded on the property j 
by cast-iron and steel, when dissolved in nitric acid, 
of producing a brown color, deeper in proportion as 
the amount of their carbon in combination is greater. 
The pernitrate of iron which is formed does not 
communicate any perceptible tint to the liquid ; and 
the graphite, if the iron contain it, remains intact. 
Like all colorimetric processes, the question is deter- 
mined by comparison with a typical liquid, or visual 
stiuidard. 
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In the case before us, this standard liquid is pre- 
pared in the following manner: Dissolve one to 
two decigrammes of cast-ateel, containing a known 
amount of carbon, in 1.5 to 5 cubic centimetres of 
nitric acid, of density 1.20, and free from chlorine. 
This last condition is important, because the chlorine 
would form perchloride of iron, the acid solution of 
which possesses itself a decided coloring power. The 
amount of acid should equal that required for the 
complete solution of the specimen to be tested, and 
proportionate to the amount of carbon it contains. 

The steel employed for the standard liquid should 
be in powder: pulverize a sufficient quantity, and 
pass it through a metallic sieve, the apertures of 
which have a maximum diameter of A of a milli- 
metre. Ascertain the total amount* of carbon accu- 
rately, by one or other of the methods previously 
detailed, and secure the metallic particles from 
damp and air, which would cause their oxidation. 

The solution is made in a glass tube, 10 to 15 
centimetres long, and about 1 centimetre in diameter; 
heat to 80° Cent, in a water-bath, regulating the 
temperature by the thermometer. The blackish 
flakes formed at first disappear upon the liberation 
of gas. After two or three hours the solution is 
complete. 

To assay by this method iron and steel, begin by 
reducing them to powder, and passing them through 
the sieve; then weigh a quantity equal to that of 
the typical or standard steel, by means of which the 

• All tlie caibon in steei ia in combination. 
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liquid for comparison has been prepared ; treat it in 
a glaas tube, similar to that used for the preparation 
of the solution of the typical steel, for the same 
length of time, and with the same quantity of acid, 
and exactly in the same way. The black particles 
which the liquid may still contain, after two or three 
hours' reaction, can only be attributed to graphite 
or slag : we can ascertain this by heating them with 
some drops of nitric acid, having first decanted the 
liquid in which they were deposited; in this ease 
there should be no liberation of gas. 

When the solution of the typical or standard steel 
and of the specimens for assay are completed (for the 
sake of greater accuracy, several repetitive assays 
should be made at the eiime time), bring back the 
liquids to the ordinary temperature, by plunging the 
tubes containing them into cold water, because the 
coloring is more intense while hot than cold, and 
we can only compare the shades at the same tempera^ 
ture. To make this comparison, take two glass 
tubes as nearly alike as possible; in one put the 
typical solution, and dilute with water, so that every 
cubic centimetre corresponds to I'lrth of a milli- 
gramme of carbon. It is an advantage to use a tube 
which is graduated in accordance with the volume 
required, and which will remain always the same for 
the same steel. Into the second tube pour the 
solution of the specimen to be assayed; dilute it 
gradually with water until the two tubes viewed by 
transmitted light or by reflected light, with a sheet 
of white paper behind them, possess exactly the same 
tint. Then measure the volume of the liquid, by 
19 
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pouring it into a graduated tube or jar, markcJ in 
cubic centimetres. The number of the latter, if the 
operation be performed as indicated, expresses the 
number of tenths of a milligramme of carbon con- 
tained in the weight of the steel or cast-iron assayed, 
and enables us to calculate it. 

In assaying iron or steel poor in carbon, we must 
use a typical solution, each cubic centimetre of wbieli 
corresponds to five hundrctha of a milligramme of 
carbon only. For cast-iron with a large proportion 
of carbon, the colorimetric process is wanting in 
accuracy ; but for testing steel, especially Bessemer 
steel, it gives excellent results, admitting of fair 
comparison. It is largely employed, on account of 
its simplicity and rapiditj^ in steel manufactories, 
when materials have to be compared of apparently 
similar composition and constitution; but we cannot 
depend upon the results of a comparison between 
steel and cast-iron, especially if the latter contain 
large quantities of sulphur, phosphorus, and silicon. 

[This colorimetric assay is really useful for ihose compouniJa 
of iron whicli contftin a low percentage of combined carbon, 
'With little or no grapliili', and which take so long and are so diffi- 
cult to analyze with accuracy by the gravimetric processes. 
Another condition is that the visual or colorimetric standard 
should be prepared from. a. standard metal having great anal- 
ogy, in the metals used and the mode of manufacture, with 
the sample to be esamined. Errors will result from the indis- 
criminate use of the same colorimetric standard fur the exami- 
nation of steels and irons coming from ditferent localities, and 
prepared with different ores and modes of manufacture. The 
Shade of the colored nitric solution is influenced not only by the 
combined carbon, but also by other substances which may exist in 
tJ»e metal. In oiUer words, the same coloring standard, prepared 
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from a standard metal, may be employed for the comparison of 
other metals prepared in the same works with similar materials and 
hy a similar mode of manufacture; but in tlie case of other steels, 
different in materials and mode of preparation, it will be necessary 
to make a new colorimetric standard from a standard melal, 
analyzed by gravimetric process, and similar to tlie new kinds of 
steel under examination. A more extended deaciiption of this 
process will be found in Percy's Metallurgy of Iron, and ia 
Gruner's Manufacture of Steel.] 



GENERAL ANALYSIS OF CAST-IROJf. 

"We may rapidly determine almost all the elements 
of caet-iroii by the following process : Determine the 
amount of sulphur by treating 5 to 10 grammes with 
hydrochloric acid, and by causing the gases to pass 
into a solution of nitrate of silver (as previously 
described); and while treating the precipitate of 
sulphide and pboaphidc of silver with bromine, filter 
the hydrochloric solution on a weighed filter, and 
determine the amount of graphite contained in the 
reKiduum as already directed. "When this has been 
ciilcined, fuse it with sodie carbonate of potassium, 
treat the melted mass with hydrochloric acid, add 
the solution thus obtained to the liquid proceeding 
from the first filtration, and evaporate all to dryness. 
Dissolve again in diluted hydrochloric acid; the 
residue is the silica corresponding to the total 
amount of silicon. In the liquid separated from the 
bromide of silver the sulphur is now changed into 
sulphuric acid, precipitate it with chloride of barium ; 
the liquid separated by fi.Itration from the sulphate 



Hosted =yG00gIe 



220 A PRACTICAL MANUAL OF 

of barium is deprived of baryta by meaiiiof sulphuric 
acid, and then united to that left after the filtration 
from the siUea. In this manner we obtain a solution 
containing all the iron, manganese, and phosphoric 
acid : dilute with water to the volume of a litre, then 
take known parts thereof and determine in them 
volumelrically the iron, and the manganese and phos- 
phorus according to the methods indicated in the 
preceding pages. The determination of the carbon 
in combination by the colorinietric process completes 
this simple and I'apid analysis. 

There is no ehftracteristic more remarkable in the chemistry 
of iron than llie ■wide range of its affinities for foreign elements, 
the tenacity with which it retdns in combination the last traces 
of several of these bodies, and the remarkable influence wliich 
those minute proportions of foreign elements exercise upon the 
physical properties of the metal. And amongst the bodies thus 
combined in small proportion with iron, as powerfully affecting 
those physical properties, carbon stands foremost; hence the 
exact determination of this element, both as to its amount and as 
to its state, i. «., as combined or as diffused — constitutes a problem 
of almost unique importance in sidero-technic analysis. 

The methods employed or proposed, numerous as they are, 
and emanating from some of llie greatest amongst chemists, stilt 
leave much to be desired. 

Before adding a remark or two to the instructions given in the 
test of Part VI., it may lie well to observe that the statement 
(footnote to sec. C), that all the carbon in steel is found in a state 
of combination, is not quite or universally true. Karsten's views, 
long since promulgated as to the states in. which, carbon is found 
in cast-iron, in wrought iron, and in steel, though by a few 
persons ineffectually impugned, may be held now as substantially 
admitted. In commercial cast-iron, tien, we have much graphite 
present, and more or less combined carbon ; in wrought iron very 
little carbon in either state, and that which esists chiefly in com- 
bination, and in steel and ipUgel eiien, as well as in perfectly 
"chilled" and white cast-irons, almost the whole of the carbon 
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prpscnt is chemically corabinptl. But even !n cast-steel some 
traces of grapliite are to be found afler solution, and more or less 
graphite is nearly always present in wrought iron. Wo may, 
therefore, deceive ourselves if we assume that becauBe we operate 
upon a matenai, commercially called steol, we have solely to do 
witli combined carbon 

The bcales of grapliite liberated from wrought iron and steel 
containing carbon in this condition are eitremely minute , so 
much BO as to remiin long suspended in solution, and only 
evident by a sligbt w ant of pellucidity in tlie solution, or by a 
pccuharity in its tmge of color, and in Ih s state maj add an 
element of uni-ettainty to the coloiimetnc indications ol Eggertz a 
method, one in wliicli the writer must confess he has but little 
confldenct as a quantitatively exact process, subject as it is, like 
all other analogous methods, to the uncertainties introduced by 
IJie want of an invariable standard of color, and by the different 
way in wliich different eyes regard the same color, or the same 
eye regards it at different times. The statements of W. D. Herman 
as to tWs process (" Journ, Oliem. Soc," vol. viii., p. 875) should 
be consulted. Tlie normal or standard solution of steel for 
Eggertz'a method cannot be kept unaltered in color for many 
hours. It has, therefore, been proposed to form a scale of color 
by placing solutions of caramel (burnt sugar), or of roasted 
coffee, in a known series of proportions, as to the water and 
alcohol, in tubes, wherewith the st«ei solutions of the assay shall 
lie compared. But are these, though sealed up, invariable in 
color after more or less exposure to light ? 

With respect to the separation of the graphite from the carbon 
of combination by the assumed insolubility of the former, after 
both have been liberated from the iron, it may be observed that 
the researches of Brodie ("Ann. de Chim.," 3 ser. t. xiv., and 
" Journ. Chem. Soc," xii.) point to the probability that graphite 
is by no means always that stable body which is hero assumed, 
so that it is quite possible that under the Influence of the more 
powerful oxydants used to liberate the total carbon, some of tiie 
graphite may change its form, if not even be brought Into solu- 
tion or diiven oft'. 

Again, the writer has observed some facts wliich seem to indi- 
cate that, aa the state of tlie carbon in iron after it has been 
19* 
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Bolidified from fusion depends In a great degree upon the rate at 
■which it has cooled, so when brought into solution its state in 
some degree depends, if not upon the solvent, at least upon the 
rate at which the solution has been effected ; in fact, if the solu- 
tion be alow etwugh there ia reason to suppose that more or leas 
of the carbon of combination passes in the act of its liberation 
into the condition of graphil*. 

Thus white chilled cast-iron, still more, fine close-grained cast- 
steel, which if dissolved rapidly, leave almost insensible traces of 
graphite ; if very gradually dissolved, as when acted tipou by air 
and sea-water, or by very dilute hydrochloric acid, or very dilute 
solutions of chlorides, bromides, or iodides, leave a pseudomorphic 
mass, consisting maialy (when dry) of a silvery-gray powder, 
which reveals itself under the microscope, as consisting chiefly of 
excessively minute particles of crystalliKed grapliite. 

It ia thus not absolutely certain, that in liberating the total 
carbon, by breaking up the iron with a solvent, we always elimi- 
nate this in the same proportions as to combined and graphitic 
carbon in which it has existed in the metal itself. 

It is true that in the industrial laboratory comparative results 
are those most usually dem*nded. There is, therefore, from the 
above the greater reason why we should always effect the libe- 
ration of the carbon by the same solvents and at the same rate. 

As respects the various methods of liberating the total carbon, 
tlie writer has not found that by cliloride of copper satisfactory, 
but when employed it ia best not to attempt to isolate the carbon 
directly from the metallic sponge of copper, but, atler washing 
and drying, to bui'u the whole, mixed with peroxide of copper, 
and determine the total carbon or carbonic acid. Tlie writer has 
had no experience with bichloride of mercury as a solvent, and 
the production at different etages of the insoluble protoclilorido 
and of roetaUic mercury presents some difficulties. M. Bouasin- 
gaulthas, however, produced a most able memoir upon it ("Ann. 
de Chim.," 4lh ser., t. six. 1870), ia which ample details are 
given as to ita use, and in which he expresses his confidence in 
its value. It deserves the study of the iron analyst. Bromine 
and iodine both act well upon the metal, the former the more 
energetically, but with a little annoyance due to the irritaUng 
vapors which it is impoasible to prevent. It is worthy of attention 
wheUier fluorine, applied in some form analogous to Brnnner's 
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process for action on silicious minerals, miglit not prove auperior 
to any other agent in rapidity of action and facility of application. 

It is not unlikely that fused cliloridc of silver, reduced to 
fragments and mised with thoae of the iron, and plactd lieneath 
water aliglitly acidulated with hydrochloric acid, or containing a 
little chloride of sodium, might be advantageously employed to 
liberate the total carbon ; and that tlie amount of the latter might 
from the fixity of silver in the (ire, be inferred directly from the 
■weight of the reduced silver, after Its calcination and exposure 
to Bufflcient heat upon a cupel for its fusion to a button ; in this 
case tie sulphur, if any be contained in the iron, must be sepa- 
rately determined. 

Combustion with oxydants appears beyond question the best 
method of determining the tatal carbon ; and whether this pro- 
cess be employed upon the iron itself, or upon the carbonaceous 
residue liberated previously from it by one method or another, 
must always remain a matter of judgment for the analyst who 
has the particular sample of iron before him. The question turns 
mainly on this ; If the iron be rich in carbons, moderately soft 
and friable, and thus capable of being readily brought into a verj/ 
finely-divided state, direct combustion is capable of giving the 
more exact results, and more rapidly ; but if the carbon be in 
quantity small, be chiefly in combination, and the metal, like 
cast-steel, ipiegel emit, chilled or refinery iron, etc., be exces- 
sively hard, less precise results will be procured by direct 
combustion, and that even though the metal shall have been 
laboriously brought to a stale of flue division ; and previous 
liberation of the carbon will be best. 

The writer had occasion some years ago to make a large 
number cf determinations of carbon in irons by combustion, and 
having had to form his own experience, may note a few points 
here for the benefit of others. Nothing seems easier, when read- 
ing the directions given by authors, than to make a good assay of 
iron or carbon by combustion, yet very few analytical operations 
are in reality more difficult or more uncertain until after a good 
deal of painful experience in tailures has made the operator 
acquainted with the precise march proper for the operation. 
First, then, as to the iron itself: Its state of subdivision cannot 
be too carefully procured. The hardest steels, or " chilled" iron, 
can be brought to any extremely divided state — when the sample 
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is large enoiigh to admit of it — by turning off in the lathe, from 
a cylindrical bar, very fine sliavings, with a crystal of diamond 
Bet a3 ft turning tool. In this way a sort of curled Bleel or iron 
■wool can be readily and pretty rapidly obtained, so fine tliat a 
little put into the flame of a spirit lamp instantly flasliea off, and 
leaves notlilng but oxide. It requires a little time to break it up 
short, wlien it is at once fitted for combustion. 

With wrought iron this may be practised also, and the turning 
tool may be of steel ; ^int filing eyen "witli a new file previously 
deprived of adlierent oil," as directed in some works, is to be 
avoided. The number of steel teeth broken out of tLe file after 
even an liour or two's work, is greater than miglit be imagined ; 
and filings even wlien pretty fine, are lumpy little fragments 
presenting small surfaces in relation to their masses. For cast- 
iron, turning or planing off, by a tool cutting finely, and not 
taking too gross a cut, and the tool bent abruptly close to the 
cutting edge, so as to curl up and fracture in as many places as 
possible the cuttings, does best. These cuttings can then be 
pulverized further in a large-sized cylindrical steel mortar. 

Tlie writer has tried with cast-iron the plan of levigating those 
fragments by grinding tlicm np like paint upon a painter's "flag 
and muller" of a large size, along with oil of turpentine, and 
removing this by digestion with caustic alkali, and washing with 
alcohol, or even water, and drying out of contact with air, and 
with the result of procuring extreme subdivision ; but he is not 
absolutely certain that no trace of the oil of lurpenUiie is absorbed 
by the iron particles, so as not to be removable, though he has 
had no proof eitlier that it is so. 

However effected fineness of division is the sine quit nan of 
accurate determination of carbon by combustion. 

Then, as to the apparatus, he admits a preference for the old 
form of organic analysis apparatus as devised originally by Liebig, 
and for his form of potassa absorbent apparatus (the kali apparai 
of Oiessen), consisting of a triple bulb, etc. Charcoal, burnt in 
the Liebig sheet-iron trough or furnace, he has found more 
manageable than a row of gas flames, with their attendant 
troublesome brick or earthen heat confiners, etc. But the sheet 
iron trough requires to be made more capacious than for usual 
organic analysis, in order to hold more charcoal and enable ttie 
temperature towards Uie end of the process to be pushed to the 
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higlieat point the comlmation tnbe will bear. As regards the 
osydaata, he has never succeeded satisfactorily -without employ- 
ing a current of gaaeous oxygen. Aided by that, when applied 
at the right time and at the right temperature of the combustion 
tube, either peroxide of copper or chromate of lead may bo 
employed, but the last is decidedly preferable. It is best in the 
hard condition, procured by fusing in close yessels, and subse- 
quent grinding up finely. In tliis atate it does not agglutinate so 
soon, or at so low a temperature as the unfused cliromate. 

The mixture of chromate of lead and chlorate of potassium, he 
has never been able to use advantageously, for independently of 
diaengagementB of chlorine, these mixed salts agglutinate and 
fuse, and act upon the glass combustion tube much more rapidly 
than the chromate alone. Towards the end of the process it is 
advisable to puah the temperatnre to the highest point the glass 
tube can bear without melting, sagging, or blowing out. Porce- 
lain tubes have been suggested, but the writer found their use 
difOcult in several ways, and more liable to accident by rapid 
changes of temperature than glass, besides their opacity pre- 
venting any visual knowledge of what is going on inside. Black 
or green British bottle glass was tried, but though rather more 
refractory than German glass, it has tlie disadvantage of passing 
at once almost from solidity to fusion with but little intermediate 
stages of viscosity. 

The wrapping round the combustion tube with a strip of thin 
sheet-iron is not so good, as merely supporting the lower side of 
the tube by a semi -cylindrical or trough-shaped guard of thicker 
sheet-iron. The writer tried with the combustion tubes a con- 
tinuous coating of copper electrotyped upon them, over a surface 
thinly varnished with a solution of phosphorus in ben7.ole, with 
a very little Canada balsam— a method generally applicable to 
chemical glass vessels, of which he published an account several 
years ago, but with no great advantage, owing to the fusing point 
of copper being as low as it is. Now, however, that a like 
deposited coating of nickel can be readily obtained by Gaiffe's 
method, a firm and sufficiently infusible jacketing to the com- 
bustion tube is obtainable, but the tube is rendered opaque. 

In the conductor the combustion the main points to be observed 
are, beginning the heating of the combustion tube at the proper 
end, turn on the current of oxygen gas at once, let it be terg slaw, 
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only bubble by bubble throngli the potassa bulbs. Keep the 
temperature of the whole apparatus at not more than a low red 
heat uutil the whole length of the tube Is thus heated, and until 
a pretty large volume of oxygen has been drawn through. Now 
raise the temperature a little, to about a full red, and continue the 
passage of the oxygen bo for about an Iiour (more if the iroa be 
very hard, or ita subdivision defective), and finally raise tlie 
temperature to as high a point as the tube will bear, and keep it 
BO, with the oxygen current still slowly passing, until upon 
Bliutting it off for a moment or two we see tliat bubbling through 
the potassa bulb ceases also. Afler a little longer the operation 
may be viewed as ended. 

For further remarks containing very masterly instructions for 
this process, as well as for all that relates to the assay and analysis 
of iron, the reader is referred to the grand worlt of M. Elvot 
("Docimasie: Traite d'Analyse des Substances Minerales," in 
four volumes; Paris, 1864), and for a well collected mass of 
Information on the estimation of carbon and other constituents in 
iron, to Mr. Crooke's " Select Methods of Chemical Analysis," 
pp. 67-U7. 
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ASSAY OF FUELS. 

The results of tlie calorinietric assays to which we 
can eiibmit faels arc not alwaya sufficient criteria of 
their industrial value ; nevertheless they furnish some 
hints which can be maile use of advantageously. "W e 
can only learn absolutely the value of a fuel by ob- 
Bcrving how it behaves in the blast furnace or grate 
of a draft furnace wherein it is burnt; but such 
experiments demand much time, and are expensive. 
Chemical analysis or simple laboratory assays, when 
united with experienced observation of external 
properties, often obviate the necessity of employing 
those on the great scale. There is seldom occasion 
for a complete analysis of a fuel; it ia siiffieieiit 
generally to determine the proportion of water, ashes, 
and sulphur which it may contain, by the ] 
we are about to describe. 



I.— DETERMINATION OF WATER. 

The amount of hygroscopic water contained in a 
fuel is aaecrtaincd in exactly the same maiiiior as 
thiit before indicated foi' the same when contained 
in ores. 
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II.— DETEBMINATIOIx OF THE ASH. 

"Weigh 1 to 3 grammes of the fuel in a broad and 
flat platinum capsule, or, still better, in a small tray 
of that metal, made for the purpose, with a flat 
bottom and slightly raised edges; spread the speci- 
men to be assayed in a thin layer thereon, and place 
it in the muffle, submitting it to a gradually increas- 
ing temperature, in order to guard against any loss 
arising from projection by decrepitation, etc. As 
soon as the combustion of the coal appears complete, 
withdraw, very gently, the capsule or tray from the 
muffle, and weigh when cooled under the drying-bell. 
Heat the residuum again until two consecutive 
weighings are identical. If we desire to ascertain 
the composition of the ashes, collect the residue left 
after the incineration of several specimens; the 
quantity obtained must be sufficient to permit of a 
complete analysis, which is performed nearly as that 
of an iron ore; the constituents of the ashes of most 
coals being chiefly iron, silica, alumina, lime, mag- 
nesia, and traces of alkalies. 



III.— DETEKMINATIOX OF THE SULPIIUE. 

Transform the sulphur into sulphuric acid, by treat- 
ing the fuel reduced to very fine powder, with fuming 
nitric acid. The details of the operation are exactly 
the same as before given with respect to an ore. 
Bromine may be used with advantage in place of 
nitric acid. 
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IV._CALORIFIG POWER— HEATING 
VALUE OF FUEL. 

The only method to aaeertain the amount of calo- 
rific power sufficiently simple of application for an 
industrial laboratory ia that proposed by Eerthier : 
it depends upon Welter's law, according to which the 
calorific power of different combustibles is propor- 
tional to the quantity of oxygen they combine with 
in burning; but this law ia not exact: for instance, 
one part by weight of hydrogen requires, to change 
it into water, only three times more oxygen than one 
part of carbon requires to change it into carbonic 
anhydride, but the calorific power of the firat body 
is four and a half times greater than that of the 
second. Berthier's method, therefore, will not give 
absolutely exact results, and the calorific power as 
thus given will always be found a little too feeble. 
The error is about ^th. Still the results obtained 
may be of use, for the question is not so much to 
determine the true calorific power of any one fuel as 
to compare the calorific powers of dift'erent fuels. 

The direct determination of the quantity of oxygen 
necessary for combustion is difficult; we are, there- 
fore, led to employ an indirect method. We heat a 
small quantity of the fuel to be tested with an easily 
reducible oxide, such as oxide of copper or more 
usually oxide of lead. By this treatment the solid 
fuel employed bums entirely at the expense of the 
oxygen of the metallic oxide with which it is mixed. 
By ascertaining the amount of metal reduced from 
20 
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the oxide, we can calculate the quantity of oxygen 
which has hccn necessary for combustion of the fuel. 

The oxide of lead is preferable to any other, on 
account of the facility of fusing the reduced lead or 
the oxide itself. When the assay is over, we can 
thus easily collect the metal at the bottom of the 
vessel in which the operation has been performed. 

The experiment is made with one gramme of the 
fuel very finely pulverized, and mixed with 30 to 
40 gi-ammes of litharge, also in fine powder; the 
mixture is carefully placed in the bottom of an 
earthen crucible, and 20 to 30 grammes of pure 
litharge placed over it. A small porcelain mortar is 
best for mixing the materials ; and it should be 
cleaned out afterwards, as well as the pestle, with 
some lithai'ge, which should be used afterwards to 
cover the mixture in the crucible. The litharge is 
then covered with a layer of 4 to 5 millimetres of 
powdered glass, which must be free from lead or 
other easily reducible metals ; the crucible, on a 
stand {fromage) and covered, ^ placed in a small blast 
furnace (Sefstrom's), unkindled coke heaped round, 
and covered with incandescent charcoal. The iire is 
thus kindled, commencing at the top; the mixture 
becomes heated in the same direction, so that there 
is no apprehension that any volatile part of the fuel 
to be assayed can escape the oxidizing action of the 
litharge. Heat for about an hour, progressively 
raising the temperature to a bright-yellow heat. 
The volatility of lead must be taken into considera- 
tion ; to avoid the errors which that might occasion, 
we should not continue the heat after the reduction 
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of lead is complete, nor raise it needlessly liigh, and 
make all our experimentB under the same conditions 
as to duration and temperature. If the heat bo too 
rapidly applied, the litharge may fuse before the coal 
ie entirely oxidized ; in this ease particles of the fuel, 
owing to their smaller density, would raise to the 
surface of the melted mass, and would burn there 
without acting upon the litharge, even though very 
little air had access. The crucible in which the 
experiment is made should be at the most but half 
filled ; without this precaution there would be con- 
siderable 1<^ from the swelling of the mixture. 
When the mass is molted, withdraw the crucible 
from the fire, let it cool, then break it, take out the 
button of reduced lead and weigh it. 

If the assay be well performed, the button detaches 
easily, has clean curved surfaces, and can be easily 
flattened under the hammer ; if not so, the assay 
should be repeated. Two or three repetitions of 
experiments are indispensable, and they should not 
be considered good unless the weights of the buttons 
of lead do not difler more than one or two deci- 
grammes from each other. Take the mean of the 
various results, and by this, calculate the value of 
the fuel ; this value is expressed either in pure 
carbon, upon the basis that 34 parts of lead corre- 
spond to one part of carbon, or in units of heat 
{calories), it being granted that each part of lead 
corresponds to 230 French or to 912.65 British units. 
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v.— TESTING COAL WTTIT liELATTON TO 
ITS PKODUCTION OF COKE. 

It may be necessary to determine the amount and 
the quality of coke produced by a particular kind of 
coal ; or the proportions in which different sorts of 
coal should be mixed in order to obtain coke of good 
quality. In either case, put 30 to 50 grammes of the 
coal or the mixture to be tested into a crucible ; 
provide the crucible with a cover, having a small 
aperture for the escape of gases ; lute the cover care- 
fully to the crucible, and put it into the wind- 
furnace. Arrange the fire as for an iron assay. 
"When the crucible or crucibles (for several experi- 
ments may be performed at once) are cooled, break 
them; weigh the coke obtained, and examine its 
quality. The difference betweea the weight of the 
coal employed and that of the coke correBponda to 
tbe amount of gas and volatile products expelled by 
heat. 

The manner in which the assay has been heated, 
and the duration of the operation, influence the 
quality and quantity of the coke. If the cover be 
not well luted, the air may enter, and by burning 
some of the coke diminish its amount. Neverthe- 
less the luting of the covers must preserve a small 
aperture for the escape of the volatile ingredients of 
the coal. It is necessary always to operate under 
like conditions. 

Laboratory experiments do not furnish results 
perfectly according with those conducted on the large 
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scale, but the hints they give are useful, especially 
when comparing different fnels. 

Bertbier's metliod is in reality little more than a useless 
chemical curiosity. It affords no real measure of the value of a 
fuel for industrial purposes. That value depeuds mainly in 
practice upon two conditions : What is the absolute calorific 
Talue of the fuel assumed, all perfectly burnt, and without waste ? 
"What are its physical and mechanical propertiea upon whieb its 
advantageous use for special heating purposes depends F Thus, if 
for raising steam, etc., its volume for unit of weight, its caking 
or not, its coherence wbile consuming, are important elements : 
if for smelting operations, these also apply. But in addition, is 
the important question, what degree of hardness the coal or the 
coke from it possesses; will it in the blast furnace, lor example, 
bear a certain amount of " burden ?" 

These latter properties must chiefly be judged of by tact and 
experience, prior to actual trial on the great scale. By suitable 
arrangements *aud the employment of various precautions, it is 
possible to dekmiine by means of the mercurial calorimeter (of 
Favre and Bilbermann), with minute accuracy, the absolute 
calorific value of any sort of fuel, solid or liquid ; but the opera- 
tions are so delicate and tedious as to be wholly nnsuited to 
industrial use. 

But by two experiments we can calculate the absolute calorific 
value of any coal fuel without much difficulty. By one we 
determine the percentage of incombustible ashes ; by another, 
conducted exactly as an organic analysis, or as described for the 
combustion of carbon liberated from cast-iron, we determine the 
elementary composition of the dry fuel^t. «., the perceutage of 
oxygen, hydrogen, and carbon (neglecting tlie sulphur, which in 
neariy all industrially valuable fuels is present In very minute 
proportion). Favre and Bilbermann have determined the fol- 
lowing calorific values for one pound (avoir.) of hydrogen and 
of carbon :^ 

10 barn. pheric air lo in Biiti.li 

Hydrogen .... 8 36 63,033 

Carbon burnt to carbonic oxide 1^ G 4,400 

Carbon burnt to carbonic acid 3§ 13 14,500 

20* 
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NoTV it has been also proved, that the total heat of conibuaiion of 
any compoimd of carbon and hydrogen, is tlie sum of tlie quanti- 
ticB of beat, which each of these elements if burat separately 
would produce. But it is also to be observed that where oxygen 
is also present in tie compound (as it is more or less in. nearly 
all fuels), so much of the hydrogen as is required to form water 
■with the contained oxygen (viz., eight parts of oxygen for one 
of hydrogen) is burnt without producing any final calorific efl'ect. 
Therefore, deducting from the pound of iiiel the weight, of the 
incombustible matter, nitrogen (if present) and ash, and expres- 
sing by C, H, and the three elements present in decimals of a 
pound, we have the following general formula, by which, after 
having made the two experiments above described, wo can cal- 
culate tlie calorific or total heating power (ft) of any fuel : — 

A = 14,500(C + 4.28H— ^) ... I. 

Or the theoretic evaporative power (E) of one pound of the fuel in 
pounds of water boiled off at one atmosphere from 3iao Fab. , is :— 

E = |g = IB(C+4.38H-^) ... II. 

Of these theoretic values, however, much is lost by the necessity 
of passing in tlie atmospiieric air much, nitrogen (which must be 
uselessly heated) through the fuel, besides a larger volume than 
is necessary to afford the oxygen barely necessary to combustion, 
and by other conditions of loss of iicat applying more or Icbb to 
all furnaces. 

As regards assays for coke, it is quite impracticable to judge 
with any certainty what may be the industrial or commercial 
value of a given coal for coking purposes, except by trials con- 
ducted on the great scale, and in tbe actual coke oven. 

We can merely decide by assay on the small scale, whether the 
coal shall coke at all, or if so, give a worthless coke, or oue worth 
more or less. To make tliis trial a luted crucible is a bad appa- 
ratus, and the wind furnace, an uncertain and unequal appa- 
ratus for heating it. 

A small wrought-iron or cast-iron retort, holding one or two 
cubic feet of the Ibel, and embedded in an exactly rcgulatablo 
furnace of its own, is the best procedure ; and with such appa- 
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ratua very tolerable indicationa as to probahle quality of coke 
when made on tlie great scale, are possible. Still, coke frnm the 
iame coal la generally better and harder aa the scale of oven in 
which it is made is greater. 

[The rapidity with which tiituminous coal is heated, and also 
tlie intensity of the temperature, have a great influence in the 
manufacture of coke. Certain kinds of coal, poor in bitumen, 
require to be suddenly seized by an intense heat in order to retain 
the bitumen which agglutinates them. Such coais, if healed 
slowly at a moderate temperature, would not coke, and would 
remain quite pulverulent. 

On the other hand, highly hituminous toals may be coked 
slowly at a comparatively low temperature. 

The hardness, density, and capability of supporting a "burden" 
without crumbling to pieces, depend not only on the temperature 
of the coking operation, but also on the thickness of the layer of 
coal ; the weight above, compressing Ihe coking material and 
increasing its density, at that period during which it is in a pasty 
state. The coke from gas retorts, althoughof the most bituminous 
kind of coal, is porous and wanting in hardness, because it is 
spread in thin layers in the retort, and there is no weight above 
it to compress it when it swells. 

In our opinion, an apparatus for trying the coking properties 
of bituminous coals on a small scale, should be arranged so as to 
be heated rapidly or slowly, as desired, and to have the coal in a 
somewhat thick layer. A metallic vertical retort may answer 
the purpose.] 
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SUPPLEMENTARY NOTES BY THE 
AUTHOKS. 



I.— ASSAY OF SUBSTANCES CONTAINING 
ZINC. 

The volumetric method being the only one 
employed for the industrial asaay of these substances, 
we shall not describe any other. The plan of our 
work will not permit us to dilate upon processes of 
complete analysis, generally very tedious; for the 
composition of zinc ores, cadmie (i. e., flue-dust), etc., 
IS almost always more complex than that of iron ores. 

Zinc ores, and those other substances containing 
zinc wliich we may have to assay, contain this metal 
in the state of an oxide, sulphide, carbonate, or 
silicate. Th6y may contain variable proportions of 
oxides of iron, manganese, lead, copper, and cadmium, 
the sulphides and carbonates of these metals, various 
silicates and gangues insoluble in acids, and, finally, 
carbonates of calcium and magnesium, and sulphides 
of antimony and arsenic. 

If the substance to be tested does not contain a 
notable quantity of lead, copper, cadmium, or man- 
ganese, the assay is made in tlie following manner: 
Treat (1.5 gr. to 1 gramme of the substance with hot 
hydrochloric acid, to which add, towards the end of 
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the operation, some drops of nitric aeid, in order to 
change the protosalt of iron which may exist in the 
Bolution into a persalt; then evaporate to dryne^, 
and treat again with a few drops of hydrochloric 
aeid and a small q^uantity of hot water. Having 
neutralized with ammonia, add an excess of carbo- 
nate of ammonium in solution. Heat to collect 
the precipitate ; let it deposit, then filter and wash 
with hot ammonia water. Almost all the zinc is 
kept in solution hy the excess of ammonia employed ; 
nevertheless, the precipitate containing tlie peroxide 
of iron and alumina still retains a small quantity. 
In order to obtain the whole of the zinc, dissolve 
the precipitate with hydrochloric acid, and treat the 
solution in the same way as the first. Wash the 
precipitate again with ammonia water, and continue 
the washing until a small portion of the filtered 
liquid tested with hydrosulpliide of ammonium 
remains perfectly clear. The small quantity of zinc 
lost from the mass for the purpose of this testing has 
no perceptible influence on the final result. The 
two ammoniacal liquids are then united. 

If the ore contain lead, add sulphuric aeid to the 
first solution before evaporating to dryness, and treat 
the residue with dilute sulphuric acid. The lead 
remains as a sulphate with the silica and lime; let it 
deposit, filter, wash, and then treat the liquid with 
carbonate of ammonium. 

W"e may also abstract the lead by treating the acid 
solution with a current of hydrosulphuric acid. Tliis 
process is necessary when the ore contains copper. 
Lead and copper are then precipitated as sulphides ; 
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separate the precipitate by filtration, evaporate tlie 
filtered liquid to dryness, taking care to add, towards 
the end of the operation, a small quantity of nitric 
aeid, in order to peroxidize the iron which the hydro- 
sulphuric acid had deprived of its oxygen. The rest 
of the operation is the saiAe as above described. 

A simple method of separating the lead and man- 
ganese at the same time is to add to the ammoniacal 
solution, before separating tlie precipitate of oxide of 
iron, etc., a few dro^is of a solution of phosphate of 
sodium. Insoluble phosphates of lead and manganese 
are formed; the zinc remaining in solution. 

When the ammoniacal solution is prepared, we 
proceed with the volumetric determination of tiie 
zinc it contains. Eor this 4)iirpose several methods 
have been proposed : one only has been successfully 
practised — that based on the faculty that oxide of 
zinc in an alkaline solution possesses of forming a 
white precipitate of sulphide of zinc under the action 
of sulphide of sodium. By dropping from a graduated 
burette a standardized solution of this reagent into' 
an ammoniacal liquid holding zinc in solution, we 
learn the quantity of the latter from the volume of 
the solution of the sulphide required to effect com- 
plete precipitation. The precipitate of sulphide of 
zinc does not deposit rapidly enough to allow us to 
judge of the end of the reaction by the cessation of 
the precipitation ; it is necessary to look for another 
indicator. Several have been proposed. We shall 
mention four, which are all based on a change of 
color produced by the solution of zinc when it con- 
tains an excess of sulphide of sodium. 
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Is;. By Hydrate of Peroxide of Zron. 

Add to the ammotiiacal solution of zinc two or 
three drops of a solution of perchloride of iron ; red- 
brown flakes of hydrate of peroxide of iron, which 
fall to the hottom of the vesael, are formed. Under 
the action of sulphide of sodium these flakes become 
gradually darker colored, greenish, and finally black ; 
the sulphide of zinc does not produce this reaction 
on the hydrate of peroxide of iron, but the latter 
once blackened, does not again become red under the 
action of an ammoniacal solution of zinc: we must 
take care that it does not come in contact with the 
sulphide of sodium before all the zinc be precipitated. 
We succeed in doing this by letting the flakes of 
hydrate of pei-oxide of iron settle to the bottom of 
the vesael before each new addition of the standard 
solution. We may consider the reaction ended the 
moment the hydrate of peroxide of iron becomes 
gi'ay or black ; but all these assays should be per- 
formed in the same way and in the same space of 
time. It has been proposed to replace the hydrate 
of peroxide of iron, which, on account of its light- 
ness, rises easily, by a strip of paper soaked with the 
perchloride of iron, and ballasted with a glass rod or 
a platinum wire ; or by slips of nnglazed and half- 
baked white porcelain soaked in solution of the 
same salt. 

2c?. -By Chloride of Nickel. 

"When from the appearance of the precipitate of 
sulphide of zinc, or by the quantity of t!ie standard 
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solution of sulpliide of sodium employed, we judge 
tliat the reaction is nearly at an end, we should then 
add the reagent by only a cubic centimetre at once 
and finally by tenths of a cubic centimetre at a time, 
taking care on each occasion to shake the liquid well. 
After each addition let fall a drop of the liquid on a 
white porcelain plate, and to that add one drop of a 
diluted solution of chloride of nickel. As long as 
there is no excess of the sulphide, the extreme edge 
of the drop of chloride of nickel remains blue or 
green ; but with the least excess it becomes grayish- 
black, and even deep black if the sulphide be in 
notable excess. 



Zd. By the Nitroprusside of Sodium. 

Operate exactly as with the chloride of nickel. 
The sulphide of sodium possesses the property of 
producing with the alkaline nitropruasides a rose, 
violet, or red-purple color, according to the degree 
of concentration of the liquids. The reaction has 
terminated, when the addition of one drop of the 
nitroprusside to one drop of the liquid assayed, pro- 
duces one of the colors just indicated. 

4th. By Paper prepared with a Salt of Lead. 

Salts of lead having the property of becoming 
black under the action of sulphide of sodium, we 
may make use of them to recognize the presence of 
this combination in the solution of zinc. As wc 
cannot employ a solution of a salt of lead, because 
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the sulphide of zinc colors it, we use paper impreg- 
nated with or covered with a salt of lead as described 
under Test Papers. To ascertain the end of the 
reaction, wet the paper with a drop of the assayed 
solution. If it contain sulphide of sodium, it will 
produce a brownish-yellow spot, or even a hlack one 
if the sulphide be in excess. 

In order to ascertain a minute excess of sulphide; 
let a larger drop fall on the first drop; the least 
difference of shade indicates the end of the reaction. 

Fixing the Standardized Solution. 

The solution of sulphide of sodium is made by 
dissolving 25 grammes of the crystallized sulphide 
in a quantity of water sufficient to obtain one litre 
of liquid. "We determine the standard by means of 
a solution of 2 to 5 decigrammes of pure zinc in a 
small quantity of dilute hydrochloric acid. Having 
added to the liquid an excess of ammonia and carbo- 
nate of ammonium, pour in the solution of sulphide 
of sodium until the zinc be completely precipitated, 
which we can ascertain by one of the methods above 
given. It is well to operate with the quantities of 
zinc and the combinations of ammonium, and a 
volume of liquid similar to those we employ in 
assaying ores, that we may be as nearly as possible 
in the same conditions for each operation. 

The end of the reaction being indicated by a slight 
excess of the sulphide of sodium, it is necessary to 
ascertain this excess by a special test, which is made 
in the following manner: Dmp the sulphide into a 
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volume of aqueoua solution of ammonia eqnal to that 
used ill the assay, until the indicator marks the end 
of the reaction with the same intensity as at the time 
of the determination of the standard. The excess of 
suljihide thus ascertained must he subtracted every 
time from the volume of the standard solution 
employed. 



IL— ASSAY OF SUBSTANCES COXTAINIXG 
LEAD. 

The assay hy the dry method is the only one made 
use of in industrial laboratories, and sales are made 
only in accordance with the reautt-s it furnish^, 
though those results do not express the real propor- 
tion present in the substance assayed. 

Alkaline fluxes are always used, as they alone pro- 
duce easily fusible slags, and permit rapid oi>eration3 
at a relatively low temperature: without obscrviTig 
this condition, we should be liable to ohtain eiTo- 
neotis results, owing to the volatility of the lead. 
We cannot detail here all the mixtures which may 
he used, nor all the modes of conducting the assay, 
as such would exceed the limits of this work; we 
shall merely describe the method most commonly 
practised in industrial laboratories for analyzing 
these ores. 

The assay is made with 10 to 30 grammes of the 
substance finely pulverized. If the ore contain 
sulphur, mis it with once or twice its weight of dry 
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carbonate of sodium, and put the mixture into ii 
paper cornet or case. In a wind-furnace, wliioh 
eliould not be very deep, heat a crucible of forged 
iron to rcdneaa, and clean its interior with fused 
carbonate of sodium ; heat it again, and when it has 
attained the proper temperature, a yellow hesit in 
daylight, put in the paper cornet containing the 
mixture to be acted upon. Cover the crucible, and 
heat it for about five minutes without closing the 
furnace, then ui^e the fire for ten minutes, so as to ■ 
obtain at the end a temperature sufficiently high to 
render the mass very fluid, and in a state of tranquil 
fusion. Then withdraw the crucible from the fire; 
cause the grains of lead possibly adhering to tliu 
sides, to fall to the bottom, and unite with the button, 
by shaking the crucible and striking it lightly upon 
the floor; then pour the whole into an iron ingot 
mould in the shape of a cone, with the apex dowii- 
wanls. "We may also pour first the greater portion 
of the scoria on to a metal plate, and only make use 
of the ingot mould for the last part containing the 
lead. As soon as the slag has solidified, a hlow of 
a hammer sufficiea to separate the button of metal; 
clean the latter by brushing it, and subjecting it for 
a few minutes to the action of dilute sulphuric acid, 
then dry and weigh it. 

If the ore contain earthy matter, gangues, or oxide 
of iron, add to the carbonate of soda 4 to 5 grammes 
of powdered glass of borax : this reagent serves to 
vitrify the lime, magnesia, etc., which, without that, 
would remain suspended in the scoria, and diminish 
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ifa flniJity, AVheii oxidized ores have to be assayed, 
the ilux should be a reducing one; employ for this 
purpose eitlier black flux, or a mixture of carbonate 
of sodium and crude tartar {Argol) in the proportion 
of two parts of the first to one of the second. Add 
horax to this mixture, if the ore contain matter not 
vitriiied by the alkaline carbonate alone. The assay 
is pertbrmed in the same manner as that for sulphu- 
retted ores, with carbonate of sodium. 

Reducing fluxes may also be used with sulphurous 
ores. If the ore contain silver, it passes into the 
button of reduced lead, whence, if we want to 
determine its amount, it must be extracted by 
cupellation, or by solution of a known weight of the 
lead button in nitric acid, and precipitation of the 
silver from the largely diluted solution by hydro- 
chloric acid. Cupellation, when thoroughly per- 
formed, is, no doubt, the most exact method of fixing 
the standard of silver contained in lead. Directions 
have been minutely given by Plattner and others for 
its determination by blowpipe assay, by cupellation, 
but they can scarcely be viewed with perfect confi- 
dence. 

The range of affinities of Iron is so great, and its teiidenoy in 
tte metallic state to combine witli and hold tenaciously, small 
amounts of many foreign elements is, as already remarked, snoli 
that eitlier in Uie state of lis ores or in tliose of its three great 
industrial metallic conditions — cast-iron, wrought iron, and steel 
—to which we may add meteoric iron (which may hereafter 
prove to liave also a terrestrial existence), that it is found in one 
state or another occasionally in combination with a tolerably large 
proportion of.all the sixty-four known elementary bodies. 

A complete treatise upon the analysis of iron and its ores, etc., 
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is llicrpfnrp nearly co-ordinate with one upon analysis in genera!. 
Such, however, is far beyond tlie scope of this little viovk, wliieli 
is not designed for pure scientific research, but for the humble 
use of the industiial laboratory. 

In Its ores we encounter iron, constantly in combination wlih 
silica, alumina, lime, magnesia, and manganese ; more rarely 
witli carbon (or carbonic acid), sulphur, and arsenic; and, if 
we include meteorites, in combination with nickel, cobalt, and 
chromium. We also find it widely difhised In combination 
(occasionally with zinc) wiUi titanium as well as with chromium. 
But the first seven bodies named are those only with whicli the 
sidero-technist is concerned ; and these are all dealt with in the 
preceding pages, besides some of the others. In the metallic 
state we nearly alwaysflnd iron associated with carbon (comliined 
and as graphite), silicon, sulphur, phosplioms, and manganese. 
These are the elements of most industrial impoilancs. Occa- 
sionally we find it combined willi ainminium, calcium, magoc- 
shmi, arsenic; more rarely with tungsten, titanium, vanadium, 
and (wlien tungsten is present from the ore) probably lin is 
never quite absent. Nitrogen has been presumed present in some 
steels, and probably all iron occludes certain gases in solidifying 
from fusion, as sliown by Graham, More rarely still traces of 
chromium, nickel, or cobalt have been observed in cert£dn makos 
of pig-iron, and oven lead ; whilst in iron resulting from ores, 
produced by the gradual natural decompoation of pyrites, or 
containing pyrites, it is ail but certwn that gold or silver, or botli, 
may exist in extremely minute quantity. But with the greater 
portion of these bodies the industrial chemist or assayer is not 
concerned. Still In the industrial laboratory, he may be at any 
time called upon to determine qualitatively or quantitatively any 
one or more of these numerous elements, and if wholly unaccus- 
tomed to their reactions, must find himself much perplexed. For 
the study of mineral analysis generally, and in its largest special 
relations to iron (in addition to the standard works on Gcnei'al 
Analysis of Rose, Eammelsberg, Fres^nius, etc.), no indnslrial 
lalmratory should be without the great work, "Docimasie," etc., 
of M. Rivot, already referred to. 

Tlie determination of aluminium and titanium in cast-iron n ill 

be Ibund well described by Rivot, t. iii. p. 53B ; of Vanmliiuii, 

21* 
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p. 540 ; and of tungsten (now entering industrially into the 
aianufacture of steel) at p. 547 of same TOlume. These bodies 
thus referred to have been but cursorily treated of in the text, 
and properly so, by reason of their rare occurrence. 

Nor does this work at all treat of the analysis of furnace or 
other gases, which, however, must sometimes devolve on tlie 
ironwork chemist ; for this, amongst other works, Eunseu's 
"Gasometrie" should be studied. 
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APPENDIX. 

BY THE AMERICAN EDITOR. 



IRON ORES. 

We call iron ores tiie natural compounds of iron, 
which are employed in the manufacture of wronglit and 
cast-iron, and steel. Many minerals holding iron in some 
form of combination, will be passed over, or esamined 
but slightly, because they are simply minerals more in- 
teresting to the mineralogist and geologist than to tlie 
iron manufacturer. 

Iron ores are classified either geologically or chemi- 
cally. For instance, the primary or crystalline ores will 
comprise the magnetic and specular red oxides of the pri- 
mary rocks. There will also bo the crystallized carbonates 
and brown hematites of the secondary formations, the 
fossil ores of the upper Silurian rocks, the carbonates of 
the coal measures, and the bog ores in sands or marls of 
tertiary deposits. This arrangement presents the advan- 
tage of leaving together different kinds of ores which are 
more or less mixed one with the other, of facilitating 
geological researcii, and of giving a certain amount of 
knowledge as to their purity, since, as a general rule 
(with some exceptions of course), the older and the more 
«rystallized an iron ore is, the purer it Is expected to he. 

On the other hand, the chemist in his laboratory, and 
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the metalliii'gist in his worCa, prefer arranging the ores 
according to their chemical composition, and iti this 
manual we sliall adopt the chemical classification, re- 
memhering, however, that a miiieralogical and geological 
knowledge of ores, is often useful to the chemist. 

The iron ores are oxides, presenting various degrees 
of oxidization. The protoxides arc combined with car- 
bonic anhydride, and form the carbonates. The com- 
bination of oue atom of protoxide .witli one of perox- 
ide, results in MAGNETIC ORES. Lastly, the peroxides, 
whether anhydrous or hydrated, fonn the bed uematites 
and the erown hematites. 

These subdivisions arc useful, although it will be seen 
furtlier on, that many carbonates and magnetites are more 
or less peroxidized, and that many red hematites contain 
more or less of brown oxide, etc. ; these changes being 
due to the never-ceasing action of the atmosphere, of 
water, carbonic and ulmic acids, etc. We are obliged to 
give typical examples of ores, which iu practice will be 
found more or less altered in appearance, streak, and com- 
positiou; nevertheless, with judgment and a few tests, the 
chemist will be able to ascertain the classes to which tho 
ores which he has under examination belong. 

It cannot be expected that this appendix will comprise 
a complete vocabulary of all the names given to iron ores, 
and which often vary with each^ocality, with appearance, 
color, etc. We mention the geological formations in 
which tlie iron ores are generally found, only so far as 
may be useful to tlie chemist in his researcJies, and for 
more extended information on t!ie subject, we refer the 
reader to Lesley's Iron Manu/aciurer's Guide, Dana's 
Mineralugij, the various Reports of State Geological Sur- 
veys, etc. etc. 
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Carbonates of Iron. 



SiderilHy chalybile, spathic, and sparry iron, steel ore. 
The crystals belong to the rhomboliedra! ayBtem, with the 
faces often cui'verl. Very frequently in crystalline masses, 
which are sometimes fibrous, lamellar, or scaly. Lustre, 
vitreous, and more or less pearly. Color, ash-gray to 
brownish-red, according to the amount of peroxidation. 
Streak, white or gray, or more or less brown, from the 
presence of a greater or less quantity of peroxide. The 
color of the streak is ascertained eitlier by scratching the 
ore with a pointed tool or a file, or by rubbing it upon a 
piece of unglazed porcelain. Sp.gr. 3,7 to 3.9. Composi- 
tion, carbonic anhydride 37.9 -f- protoxide of iron 63,1 = 
1 00, which is equal to 48.22 per cent, of metallic iron. It 
19 slowly soluble in dilute hydrochloric acid, and decrepi- 
tates and becomes magnetic by heating. 

Spheroniderile is the same ore in globular concretions. 

It happens very often, that part of the protoxide of 
iron is substituted by a greater or less proportion of 
protoxide of manganese, magnesia, or lime. 

For instance, oligonite contains 25 per cent, of protox- 
ide of manganese. The streak is yellowish-white, and the 
mineral is phosphorescent when heated. 

Sideroplesite is formed of two atoms of carbonate of 
protoxide of iron, and one of carbonate of magnesium. 

Siderodol contains a large proportion of carbonate of 
calcium. 

The crystallized carbonates occur generally in gneiss, 
mica slates, etc., and are often associated with other ores, 
such as the sulphides of copper, iron, lead, silver, etc. 
The phosphates are seldom met with, and the sulphur, 
quartz, and copper are the greatest impurities the iron 
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master has to contend with. Witli care in pieking np and 
roasting tUeae ores, tliey are exeellent for tlie manufac- 
ture of steel, and often contain a large percentage of man- 
ganese. 

Tlie crystalline varieties are fonnd in England, in Dur- 
ham, Cornwall, North Devon, and Somerset ; and in Ger- 
many, in the country of Seigen. The accompanying rocks 
belong to the Devonian formation. 

In Styria, they are found in micaceous and talcose 
schists, and metamorphic limestones. 

The highest parts of the lodes are generally cliangod 
into brown hematites, and the lamellar or crystallized 
form often remains unchanged. Examples have been 
found of further transformation, by which the brown ox- 
ide becomes red hematite, then specular iron, and lastly 
magnetite, by deoxidatiou due to organic substances. 

In the United States, the crystalline carbonates (al- 
thougli found in many pai"ts of the country) are not em- 
ployed to a very great extent. Up to the present time, 
the deposits have not been found of sufficient magnitude 
to he tlic basis of a special iron manufactHre. 

The crystallized carbonates in layers foiuid in the 
south of Fi'ance (Gai'd), mark the transition from the 
crystallized to the lithoid form. They are nearly black, 
and mixed with quartz and clay. Tliey are intersected 
by veins of siderite and of sulphate of barium, and con- 
tain metallic sulphides, but scareely any of the carbo- 
nates of manganese, calcium, or magnesium. 

The earthy, liikoid, argillaceous, and calcareous car- 
bonales of iron are very abundant in England, and quite 
so on the Continent, and in the United States. 

The oolitic carionales resemble oolitic limestone in 
structure. 

An argillaceous carbonate, which is white, and mixed 
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with clay, 13 found in Maryland, and extends for fifty 
miles west of Chesapeake Bay. 

TLe limestones and clay slates of coal formations 
present numerous varieties of earthy carbonates. 

Tlic calcareous carbonates, limestone or buhrstone 
ores, contain a large proportion of carbonate of calcium 
mixed witli that of iron. Their color is very variable, 
gray, grayish-bhic, brown, and bluish-black. They are 
found in Pennsylvania, Ohio, Indiana, Maryland, and 
Kentucky. 

Clay ironstone (which by the by is a common name 
given to many different kinds of iron-ores) is a carbonate 
of iron found in the clay slates, sandstone, shales, and 
all kinds of sediments of the coal measures, and even in 
the coal itself, mixed with a great deal of slate. It forms 
irregular, and flat strata, which contain many impurities 
derived from the surrounding rocks. The phosphates of 
calcium and aluminium are nearly always present, and 
impair the quality of the metal considerably. Arsenic 
and sulphate of calcium are also found in these ores. 

The nodular carbonates of the same formations are 
compact and intimately mised with clay and a certain 
proportion of the carbonates of calcium, magnesium, and 
manganese. When concretionary, they often contain 
fossils of flshes, shells, and plants. The fresh fracture 
is yellow, gray, or bluish, but becomes brown by expo- 
sure. They are less impure than the lithoid ciay iron- 
stones, although they still contain some phosphorus, and 
from 0.35 to 2.40 per cent, of organic matters. 

The black hand ironstone of England ia of a dark 
brown or black color, and often presents a shaly structure. 
After calcination, effected in heaps and without addi- 
tional fuel, it yields from 40 to 60 per cent, of metallic 
iron. In its crude state, it contains from 40 to 4'J per 
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cent, of protoxide of iron, with more or less of peroxide, 
1 to 3 per cent, of oxide of manganese, 1 to II per cent, 
of organic matter, and but a small proportion of pbos- 
phorus. It prodnces a good metal. 

The Cleveland ironstone of Rngland is of a dull or 
dark-bin is h-gre en (due to some silicate of iron), and con- 
tains fossil shells of the genera pecten and avicula. It 
is oolitic in structure, and is found in the middle Lias. 
The carbonate of iron is more or less decomposed, some 
parts being even magnetic, and resembling the chamoi- 
sile found in Switzerland. It contains little, if any, 
organic matter, and less sulphur and manganese than 
the black band ore. On the other band, the proportion 
of phosphorus is greater. 

Of the various kinds of ironstones of the coal measures, 
many are found and used in the United States. How- 
ever, up to the present time, the real black band, 
rich in metal, good in quality, and having sufficient 
bituminous matter to be calcined without additional fuel, 
still remains an ore peculiar to the British Islands. It 
is said tliat two-thirds of the iron production of England 
comes from these iron stones of the coal measures, ivhich 
are simultaneously worked with t!io coal seams. 

Magnetic Ores. 
Magnetite, oxidulated iron in octahedral and dodcca- 
hedral crystals, with a sp. gr. varying between 4.9 and 
5.2. Color black, with often a metallic lustre, coarsely 
and finely crystalline, and massive, magnetic, and gener- 
ally magnetipolar to a greater or lesser degree. Streak 
black when pure. Composition, oxygen 21.6 -|-- iron 73.4 
= 100; or protoxide of iron 81.03 -f- peroxide 68.97 = 
100. Part of the iron is often substituted by a ceiLain 
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proportion of magnesia or titanic acid, which diminishes 
the magnetic properties of the ore. 

Instead of the norma! ratio of 1 : 1 between the protox- 
ide and peroxide (ferrous and ferric oxides) of iron, many 
crystalline samples contain a greater proportion of perox- 
ide. This is also found in the massive varieties, and 
the streak, instead of being pure black, has a reddish or 
brownish cast about it. 

Ochreous magnetite is black and earthy, and part of 
the protoxide of iron is replaced by the protoxide of 
manganese. A little copper is also found in it. 

Magnetic sands are found on the coast of Labrador, 
in Canada, Long Island, New Zealand, in the residue9 
of gold-ore washings, and are the product of the erosion 
of rocks. Their composition is very variable, and com- 
prises specular and magnetic ores, tttaniferous and 
chrome irons, garnets, zircons, silicates, etc. Their 
yield in metallic iron is sometimes considerable. 

Magnetic iron-ores occur mostly in crystalline mcta. 
morphic formations. The gangiies are serpentine, various 
kinds of pyroxenic rocks, chloritic and micaceous slates, 
garnets, quartz, feldspar, corundum, etc. The texture 
of these ores varies with the containing rocks ; the most 
massive arc found in talcose scbists, and the most crys- 
talline in hornblendic gneiss and crystalline limestone. 

As a general rule, with some few exceptions, magnetic 
ores are excellent for the manufacture of iron. They 
seldom contain arsenic, and very little, if any, phosphate 
intimately mixed. Apatite, or crystallized phosphate 
of calcium, sometimes accompanies certain coarsely 
crystalline varieties of magnetite, and may he perceived 
with the eyes. The sulphides of iron and copper are 
more frequently met with in certain localities. 

Magnetites are often decomposed into brown hema- 
22 
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tites on tiie surface, anil also contain speevilai' iron iu 
tlie state of intimate mixture, as is seen in certain Mar- 
quette ores of Lake Supci'ior. 

Magnetic iron-ores are most abundant in Siberia and 
Elba; at Arendal, in Norway; at Falilun, Damemom, 
Taberg, etc., iu Sweden ; and in tlie United States, in 
the Adivondacks, in Pennsylvania, New Jersey, Mary- 
land, California, in North Carolina, and Other Soutliern 
States, Missouri, on Lake Superior, etc. etc. 

The geological disposition of the ores in Sweden tallies 
remarkably well with that of the same ores in the Adi- 
rondacks and North Carolina, tbat is; in gneiss alone 
or accompanied by granite, and talcose, chloritic, aud 
micaceous slates, aud iu horiiblendic rocks intercalated 
in tbe gneiss. 

Bed IIematites. 

These iron ores are also known under the general 
names of anhydrous peroxides and red oxides. 

Specular iron, oligisl iron, iron glance, Khombohe- 
drons and derived forms, the primitive one being rare. 
Also lamellar and tabular. Lustre metallic, and some- 
times splendent and iridescent. Specific gravity 4.5 to 
5.3, Color from a dark-steel gray to iron-black. Streak 
gray, more or less violet, and sometimei with a brown 
tinge when tbe red oxide is mixed with a certain propor- 
tion of bydrated peroxide. It is occasionally slightly 
magnetic, fi-om the presence of magnetite. Some 
samples contain titanic acid aud magnesia. Composition, 
oxygen 30 -J- iron '!0 = 100. 

Micaceous iron has a foliated or micaceous structure, 
with a steel-gray metallic lustre, when the scales are 
large enough. A variety, with very small scales, resem- 
bles graphite greatly, although, when finely ground, its 
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powder is red. It is found in quartz rocks and mica- 
ceoitf sdiists, not in large deposits, and generally con- 
tains manganese and a, large proportion of quartz. 

Martite crystallizes in octahedrons like magnetite. 
Its color is iron-black, and ita streak is red, with more 
or less of brown and pui'ple. It is sometimes imbedded 
in massive hematites. 

Tiolst ore of Belgium is intermediary "between the 
crystalline and compact varieties of red oxide. It forms 
large beds, and has a schistose texture. Color violet- 
red to iron-graj'. It is intimately mixed with quartz 
and clay, and seldom contains limestone or sulphate of 
barium. Manganese and phosphate of iron are found 
occasionally. It is a valuable ore, and produces a good 
metal. 

Compact, columnar, and fibrous red hematites are so 
named according to their structure. Color brownish- 
red to iron-l;ilack. The fibres are often silky and radia- 
ting, A compact variety, hloodatone, is so dense and 
hai-d that burnishing tools are made with it. 

Iron minium, red ochre, or red chalk, ia an earthy 
peroxide, mixed with clay. 

Specular schist, or itabyrite, is a schist containing a 
large quantity of micaceous iron, and resembling mica 
schist. Found in North and South Carolina. 

Clay iron atone, argillaceous hematite. Color brown- 
red to brown-black. Intimately mixed with sand and 
clay, and very bard and tough. A red variety, with 
jasper-like structure, ia known under the name of jaspery 
clay iron ore. Another variety tl e spec lar schist or 
slate iron, found near Marquette M ch ga n Huronian 
rocks, is quite siliceous, and conta a emill crystals of 
martite. It bears great reseml lance ns 1 sto a e struc- 
ture, to the Pilot Knob ores of M ssou 
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Beniform (kidney) ores exist in Bohemia, in the Hartz 
Mountains, and in Cumberland, England, in the shape 
of hard, botrj-oidat miisaes, without metallic lustre, 

The red hematites, of Cumberland, TJIverstone, and 
Lancashire, England, employed fof tlie manufacture of 
Bessemer pig-metal, exist in irregular deposits in the 
carl>oniferous limestones. They yield traces of sulphur 
and phosphorus, but are rather siliceous. 

Puddler's ore, from Cumberland (England), is a com- 
pact and unctuous micaceous variety, and is used for the 
lining of puddling furnaces. 

Lenticular iron ore, oolitic foeeil ore, Jifh egg ore. 
Oolitic in structure, but in certain places the grains are 
larger and Battened. An argillaceous variety is found 
in New York (Oneida), Pennsj-lvania, Alabama, A^irginia, 
Georgia, Tennessee, and Kentucky, in the upper Silurian 
formations. These fossil ores are more or less impure; 
they contain limestone and sometimes a large proportion 
of silica and alumina. There are traces of manganese. 

In Europe oolitic and fosaiiiferous beds of red oxide, 
exist in Champagne and Berry, in Jurassic, and tlio 
middle tertiary rocks. Near Cardiff, Wales, and in 
Belgium, at the base of the carboniferous limestone. 

The crystallized and compact red hematites occur in 
the same metamorphic rocks, especially mica schists, in 
which magnetites are found. Indeed, these two iron 
ores are sometimes mixed together, and are frequently 
accompanied by a certain proportion of brown laematite. 
Chromic iron, sulphide of nickel, and other metallic 
sulphides, and limestone, pure or magnesian, are seldom 
found in the older ores, which sometimes contain man- 
ganese and sulphate of barium. 

These ores are widely diffused, and are found in Africa, 
Elba, France, Horway (Arcndal), Sweden, Germany, 



Hosted =yG00gIe 



APPENDIX. 257 

England (Cumberland, Lancashire, etc.), Brazil, Chili, 
the Artirondacks, and elsewhere in Xew York, Missouri, 
Lake Superior, New Jersey, New Hainpsli ire, several of 
the Southern States, etc. etc. 

Brown Uematites. 

The hydrated peroxides are the most widely diffused 
iron ores. They are found in nearly all kinda of forma- 
tions, and their form and qMalitica are also veiy variable. 
The color of their streak is from a reddish to a yellowish- 
brown, but hrown predominates. They ail contain com- 
bination water, and in some of them this water exists in 
chemical proportion. 

Turgite. Fibrous, with fibres possessing a satin-like 
lustre; sometimes botryoidal, stalactitic, or dull earthy. 
Color red to reddiah-black. Streak brown-red. Specific 
gravity 3.5G to 4.49. Composition, seaqui-oxide of iron 
94.7 -|- water 5.3^100. It often contains manganese, 
and seldom copper, lead, and sulphuric acid. It flies to 
pieces when heated, and often associates with ordinary 
limonite, being harder than this latter ore, and being 
separated from it by quite a distinct line of demarcation. 

GiUhite, pyrrhosiderite, brown iron atone or ore. Pris- 
matic, with longitudinal strife; also fibrous, massive, 
reniform, and stalactitic. Specific gravity 4.0 to 4.4. 
Not much lustre. Color yellowish red to blackish-brown. 
Streak brown, more or less yellow. Composition, sesqui- 
oxide of iron 89.9 -1- water 10.1 = 100. Contains man- 
ganese often, and copper and lead seldom. Other varie- 
ties are named needle iron stone, lepidocrocite, etc, 

Limonite, brown ochre. Stalactitic or botryoidal witJi 
a fibrous structure ; also massive, concretionary, and 
eartliy. The lustre is silky, for massive varieties, and 
also sub-metallic or dull eartliy. Specific gravity 3.G to 
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4.0. The fracture is dark-brown, the exterior Burface 
often black, and the streali brown with a more or less 
yellow tinge. Composition, peroxide of iron 85.6 + 
water 14.4 = 100. Some of the varieties of limonite are 
bog ore, loose, porous, holding often petrified leaves, et«. ; 
brown-clay iron stone, compact and often nodular ; piso- 
liiic ore, like an aggregation of small peas; oolilic ore, 
like an aggregation of fish eggs; some kinds of ochres. 
The purity of these ores is very variable. 

Xanthosideriie, in needles, stellar, and concentric, ajso 
in the ochreous form. Color, yellowish and retldish- 
brown. Composition, s esq uioxide of iron 81,6 -[-water 
18.4 ^ 100. Often contains manganese. 

Limnile, similar in appearance to the previous ore, has 
for composition : peroxide of iron 74.8 -I- water 25.2 ^100. 

Ochres, brown or yellovi. An intimate mixture of 
hydrated oxide of iron with more or less clay, fine sand, 
etc. The depth of their color should not always be taken 
as an index of their yield in metal, since some are rich 
enough to be melted, although they may appear quite 
lean (poor) to the eye. 

Bean ore. A loose concretionary brown hematite filling 
cracks in limestone. Size, from that of a pea to a walnut, 
with a ferruginous sand or clay as cement. 

Lake ore. Pound in Sweden, Norway, and Finland. 
In granular concretionary forms, produced by infusoria 
(diatomacese), which separate iron from water. A pro- 
duction of our times. These ores contain phosphorus, 
manganese, organic matter, and but a small proportion 
of limeBtone. 

Of these brown iron ores it may be said, in general, 
that the more recent their formation, the less pure they 
are. They result from the alteration of older ores and 
snlphurets under the influence of the atmosphere, water, 



Hosted =yG00gIe 



APPEJtmx. 259 

carbonic anhydride, iilmic acid, etc. In the older rocka, 
the magnetites, carbonates, and red oxides are often 
covered with a cap of brown hematite. Tlie brown ores 
of the secondary formations are found in the lias, in the 
oolitic and lower green sand rocks, impure and earthy. 
Tiiey sometimes result from the decomposition of earthy 
carbonates. In Belgium, in the valley of the Meiise, they 
are often mixed with lead and calamine, resulting from 
the surface decomposition of sulphides of iron, lead, and 
zinc, which, lower down, are found unaltered. 

In some bog ores produced by erosion, all kinds of 
iron ores are found in admixture. 

We shall now give the French method of classifying 
brown hematites, as it furnishes useful indications as to 
the impurities generally to be found in them. 

The " brown hematites of old rocks" are compact, 
fibrous, and of a very dark brown. Often intimately 
mixed with a hydrated oxide of manganese, and with 
more or less quartz and clay. Limestone, pure or 
magnesian (dolomitic), is sometimes met with; but the 
sulphates of barium, tiie metallic sulphides, and the 
phosphates and arseniates are rare. 

The "compact kinds of brown ores of more recent 
formations" lie often at the separation of two different 
kinds of rocks, or in Jurassic limestones. Tliey are not 
so dark as the previous ores, and their fracture is 
irregular, and sometimes slightly fibrous. They contain 
little manganese, but more of limestone pure or maguc- 
eian, quarts, clay, and hydrated alumina. Sulphate of 
barium, and compounds of phosphorus, sulphur, and 
arsenic are seldom found in them. 

The "earthy and geodeic or septarian kinds" result 
from the alteration of metallic sulphides. They form 
cape or hats on the surface, and often affect the shape of 
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balls preserving the fibrous structure of the origiiiary 
pyrite. Tliese ores are sometimes very impure, and con- 
tain arsenic, sulphur, lead, zinc, phosphorus, sulpliate of 
calcium, silica, limestone (seldom magnesian), basic sul- 
pliate s of iron, etc. 

The "kidney granular ores of tertiary roclis" are 
mixed with clay marls, which may be separated by 
washing. They do not contain much phosphorus, arse- 
nic, sulphur, or manganese. 

The " oolitic ores of oolitic limestones" are sometimes 
of a duli-blue color. Tliey contain liydrated alumina, 
silica, marls, and silicates, also phosphates of iron, alu- 
minium, and calcium. Some of the grains are magnetic. 

The '* recent bog ores" have sometimes a resinous 
fi'acture, no fibres. They contain silica, pliosphorus, 
sulphur, arsenic, basic sulphates of iron, clay, and lime- 
stone. Manganese and sulphate of barium are seldom 
met with. 

The "Ochres" are rich in clay and sand, and contain 
occasionally some sulphur, phosphorus, and limestone. 

Miscellaneous. 

ITurter this heading we place certain iron combinations, 
wliich conki not be included within tlie preceding ores. 

Metallic iron,vieteoric iron. It has been said that very 
thin layers of metallic iron have been found in the mica 
schists of Connecticut, but this is more than doubtful and 
requires confirmation. On the other hand, meteoric iron 
has been found in many localities, in masses of all sizes, 
up to 15 tons weight. The surface is oxidized, but the 
inside possesses the ordinary color of iron and is crys- 
talline in texture. All meteoric irons are alloyed with 
nickel, in the proportion of from 1 to 20 per cent. The 
other metals occasionally combined with it, are cobalt, 
chrominm, manganese, arsenic, sulphur, and copper. A 
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phosphide of nickel occurs also in many samples. After 
iron, nickel and cobalt predominate, and the alloy is 
malleable. Meteoric iron cannot be called a commercial 
ore, but it is difficult to pass in review the principal com- 
pounds of iron ivithout mentioning it. 

Franklinile. In dodecahedral and octahedral crystals 
more or less modified on the edges, also granular and 
massiTe, sp. gr. 4.85 to 6.12, slightly magnetic. Color, 
black with metallic lustre. Dark-brown powder. Resem- 
bles magnetite. Its composition is variable, the average 
being 66 per cent, of red oxide of iron. The proportions 
are; sesquioxide of iron 66 to 69 per cent.; oxide of 
manganese 1,2 to 18 per cent.; and oxide of zinc 11 to 
25 per cent. When crystallized, pure, and nndecomposed, 
no chlorine is produced by tlic treatment with hydro- 
chloric acid, which indicates that the manganese is in 
the state of protoxide. Ebelmen, after having succeeded 
in producing a ferrite of zinc, possessing all the proper- 
ties of Franklinite, thought that this ore was a double 
ferrite of zinc and manganese. 

Fraikl' 't ' a luable iron ore, after its zinc has 
been s p t 1 It found in several localities, but the 
largest dp t Sussex Co., New Jersey, between 

Fraukl 1 fej rt n granular limestone, accompanied 

by gar t d de of zinc colored red by an oxido 

of man 

Ghamoisite, Berthierite. These are hydrated silicates 
of alumina, and protoxide of iron, more or less magnetic, 
the more magnetic being the Berthierite, which is bluish- 
gray to black, while Chamoiaiie is greenish-gray to black. 
The proportion of protoxide of iron varies between 60 to 
75 per cent. Ghamoisite occurs in Switzerland, and 
Berthierite in Champagne, in Burgundy, etc., in ammo- 
nite limestone. The structure of the ore is compact or 
oolitic. 
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ATOMIC WEIGHTS OF ELEMENTARY BODIES. 



Aluminium 






. Al 27.4 


Molybdenum . 


. 3Io 90.0 


Antimony . 




. 8b 133.0 


Nickel . . , 


. Ni 58.7 


Arsenic 






. A3 7.5.0 


Niobium . . 


. Nb ? 


Barium 






. Ba l!i7.0 


Nitrogen . . , 


. N 14.0 


BisrauUi 






. Bi 910.0 


Korium . , 


. No ? 


Boron . 






. Eo 11.0 


Osmium . . 


. 03 109.3 


Bromine 






. Br 80.0 


Oxygen . . 


. 16.0 


Cadmium 






. Cd 112.0 


Palladium . . 


. Pa 106.6 


CK3ium 






. Cs 133.0 


Phosphorus . 


. Pli Sl.O 


Calcium 






. Ca 40.0 


Platinum . . 


. Pt 107.5 


Carbon . 






. 12.0 




. K 39.1 


Cerium . 






. Ce B3.0 


Rhodium . . 


. Rb 104.4 


Chlorine 






. CI 35.5 


Rubidium . . 


. Rb 85.4 


Oliromium 






. Or 59.5 


Ruthenium . 


. Ru 104.4 


Cobalt . 






. Co 58. 7 


Selenium . . 


. Se 70.5 


Copper . 






. Cu 63.5 


Silicon . . . 


. Si 38.0 


Didymium 






. Di 86.0 


Silrer . . . 


. Ag 108.0 


Erbium 






. E r 


Sodium . . 


. Na 23.0 


Fluorine 






. Fl 19.0 


Strontium . . 


. 8r 87.5 


Gluciiium 






. Gl S.3 


Sulphur . . 


. a 33.0 


Gold . 






. Au 197.0 


Tantalum . . 


. Ta 137.6 


Hydrogen 






. n 1.0 


Tellurium . . 


. Tc 129.0 


Indium . 






. In 74.0 


Thallium . . 


. Tl 203.0 


Iodine . 






. I 126.8 


Thorium . . 


. Th 331.5 


Iridium 






. Ir 198.0 


Tin ... . 


. 8n 118.0 


Iron. . 






. Fe 56,0 


Titanium . . 


. Ti 50.0 


Lanthanum 




. La 93.0 


Tungsten . . 


. -W 187,0 


Lead Pb 207.0 


Uranium . . 


. U ISO.O 


Lithium Li TO 


Vanadium . 


. V 1S7.0 


Majne«ium Mg 24.0 


Yttrium . . 


. Y ? 


M«ngane3e Mn 5ti.O ^ Zinc. . . . 


. Zn 6.12 


Meicury 






Ilg 200.0 


Zirconium 


. Zr 89,6 
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TABLE FOR FACILTTATIKG THE CALCULATION OP 
ANALYSES. 



BymclllpIS'. 




We obt8,iQ 


BjiduUirij- 














Bjr iha CO. 


Ihecorre' 


w^^iBh^twhat. 






we^|£»^^i- 




'^%tZ^ 






weight of 






AlW 


6S!ie8 


Al 


Fe^O^ 


0.90000 


FeW 


As^5 


0.65317 


As 


MgsphiQi 


0.36036 


M^O 


BaSO* 


0.fl8369 


CaSO' 




0,37928 


Ph 




O.SSTSl 


FeS2 




0.63964 


Pll'05 




0.J3734: 


8 


Mu'O' 


0.72053 


Mn 




0.B4335 


80' 


PbCrO' 


0.31062 


CrOS 


CO' 


0.21373 


C 


PbSO> 


0.68317 


Pb 


CaO 


1.78572 


CaCOs 




0.88119 


PbCO!' 


CaCC 


0.56000 


CaO 




0.73597 


PbO 


CaSO' 


0.41176 






0.78878 


PbS 


Cr'03 


0.68619 


Cr 


Ph 


S.3B032 


Pli'O* 




1.31381 


CrO' 


Ph'O' 


0.43662 


Ph 


CuO 


0.79849 


Cu 


8 


1.87500 


Fe82 


Cu=S 


0.79849 




8iO' 


0.48667 


Si 


Fe 


1.38573 


FezQ! 


803 


1.70000 


CaSO' 




1.42857 


FcK)» 




0.40000 


S 




3.14386 


FeS' 


TiO« 


0,6098 


Ti 


Pe'O' 


0.77778 


Fe 


ZnO 


0.80260 


Zn 




1.11111 


Fe'O' 




1.01970 


ZnS 


FcW 


0.70000 


Fe 


" 


1.54187 


ZuCO= 
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TABLES 



EELATIVE VALUES OF FRENCH AND ENGLISH WEIGHTS 
AND MEASURES, &c. 



Measures of Length. 


Millimetre 


= 


0.039:57 ircli. 


Centicaetre 


= 


O..SS.'i708 


Dedmetre 


= 


3,937079 inches. 


Metre 


= 


39.3707S " 


.' 


= 


3-2S0Sfl02 feet. 




= 


1.093633 yard. 


Decametre 


= 


32.508993 fnet. 


Hectometre 


= 


328.0S993 


Kilometre 


= 


3280.81302 




= 


1093.633 yards. 


Myriamette 


= 


10936.33 




= 


6.2138 miles. 


Iiich (;V yard) 


= 


2.5399fl4 centim 


Foot Q yard) 


= 


3.0479449 decimt 


Yard 


= 


0.9I43834S metre. 


Fatiiora {2 yarda) 


= 


1.82870696 " 


Poleorpproh (5^ yards) = 


5.029109 metres 


Fnriong (220 yards) 


= 


201.16437 


Mile (1760 yards) 


= 


1B09.3149 " 


Kaati,.i>l mile 


= 


1852 



Ho,t.a, Google 



VALUES OF FREXCH AND E>TGLISH 







Superficial Measures. 




Squa 


e milliii 


otre = 


ji; square 
0.00155 


"f- 




cwitiinetre = 


0.155006 " 




" 


deuhu 


etre = 


15.50059 


iuolies. 


" 




= 


0.107fi43 " 


foot. 


•' 


mutre 


orcentiarfl = 


15B0.0S989 


inclies. 


" 




= 


10.7G4299 " 


feet. 


" 


" 


" = 


1.196033 " 


yard 


Are 




= 


I07(i.41i99 " 


feet. 






= 


119.(5033 " 


yarda. 






= 


0.088845 rood. 




Hectare 


= 110C0.3326 sqtiar 


yards. 


" 




_ 


2.471143 aerea. 




Sqna 


ra inch 


= 


645.109201 square millimetrea. 


" 


" 


= 


6.451367 " 


centimetres 


" 


foot 


= 


9.2899G3 " 


decimetres. 




j-ard 


= 


0.836097 " 


metre. 


" 


rodo 


pereh = 


25.291939 " 


metres. 


Rood 


(1210 s 


t[. yards) = 


10.116775 ares. 




Aora 


(4S40 sq. yards) = 


0.404671 hectare. 






Measures of Capacity. 




Cubio milliu 


etru 


= 0.000061027 cubic inch. 


" 


ceiitin 


etre or m!li;ii 


re = 0.061027 


ii i< 


10 " 


eentin 


etiesor centtl 


tre= 0.61027 


•1 >i 


100 " 




" detail! 


re = 6.102705 


" Inches 


1000 " 




" litre 


= 61.0270515 
= 1.760773 
= 0.2200D67 


imp'l piat. 
" gal^ 


Decftlltte 




= eiO.270515 


cul'io inches 








= 2.2009668 


imp. gal'us. 


Hectolitre 




s= 3.631658 


cubic feet- 








= 22.00B668 


imp, gams. 


Cubio metre 


r stere or kilolitre = 1.B0802 


cubic yard. 








= 35.3165807 


" feet. 


H/rklitra 




=. 353.165807 


" " 
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WEIGHTS AND MEASURES, ETC. 

oil =: lG.3SS17e cubiuoe 

ill = 28.315312 " d 

,rd = 0.704513422 " n 

American Measures. 

ror U.S. gallon (231 eab.in.) 



l)nslielC2150.42 ciib.il 
Chaldron (57.25 cubic feet) 



3.785309 litL'BS 
35.23719 " 
1621.065 *' 



British Imperial Measures. 



Qill 

Pint a gallon) 

Quart Q gallon) 

Imperial gallon (277.273S cub. i 

PB"k (2 gallons) 

Bushel (8 gallons) 

Back (3 bashels) 

Quarter (3 bushels) 

Chaldron (12 sacks) 



0.141983 

= 0.n(S7932 " 

= 1.135S64 " 
.)= 4.54345797 litres. 

= 9.0S69159 " 
= 38.347684 

= 1.09043 hectolitre. 

= 2.907813 hectolitres. 
= 13.08516 



Weights. 

= 0,015438395 troy grain. 

= 0.15438395 " " 

= 1.543S395 " " 

= 16.438395 " grains 

= 0.643 
= 0.0331633 



Hectogrammi 
Kilogramme 



= 154.38395 
=• 5.64 
= 3.21633 
= 3.52889 
= 2.6S03 
= 2.205486 

= 26.803 



pennyweight. 

ox, aToirdupoiB. 
troy grains, 
drachme avoirdnpois. 

lbs. troy. 

lbs. avoirdupois. 



= 22.05486 lbs. aToirdnpois. 

= ion kilog. ^ 220.5486 Ihs. avoirdupois. 
^lOOOkilog. =a205.4SB " 
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2(JS VALUES OF FRENCH AND ENGLISH 

Different authors give (lie following values for the gramm 
Qramme = 15,44402 tra/ grains. 
" = 15.44242 " 

" ^ 15,4402 " 

" = 15.433159 " 

" = 15.43231874 " 



AVOIRDUPOIS. 



Long ton = 20 owt. = 2340 lbs. 
Short ton (2000 lbs.) 
Hnadred weight (112 lbs.) 
Quarter (28 lbs.) 
Pound = 16 oz. = 7000 gra. 
Ouucfl = 16 dr'ma. ~ 437.5 gra. 
Drachm t= 27.344 grains 



= 1015.649 hilograinm. 

= 906.8293 

= 50.78245 " 

= ia.(i951il44 " 

= 453.4148 grammes. 

= 28.3375 " 

= 1.77108 gramme. 



TROY (1 
Ponnd = 12 oi. = 5760 gra. 
Ounce = 20 dwt. — 480 grs. 
Pennyweight = 24 grs. 
Grain 



373.096 grammes. 
: 31.0913 

1.55457 gramme. 
0.064773 " 



APOTHECARIES' (Pi 

Ounce = 8 draolims = 480 grs. = 31.0913 granimi 
Drachm = 3 scruples = 60 grs. = 3.8869 " 

Scruple ^ 20 gts. = 1.29546 grammi 



CARAT WEIGHT FOR DIAMONDS. 
1 carat = 4 carat graina = €4 carat parts, 

" =3.2 troy grains. 

" = 3.373 " 

" =0.207264 gramme 

" = 0.212 

" = 0.205 
Great diversity in value. 
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IVEIGIITS AND JIEASITRES, ETC. 2ti9 

Proposed Symbols for Abbreviations. 



M-n,yria 


— 10000 


Mm 




Ml 




K— kilo 


— 1000 


Km 


Kg 


Kl 




H— liecto 


— 100 


Hra 




111 


lla 


D— daca 


— 10 


Dm 




Dl 


Da 


Unit 


— 1 






litre— 1 
















0— MQtt 


— O.Ol 










m— milli 


— 0.001 


mm 


tag 


ml 





Km = Kilometre. HI = Hectolitre, eg = oeiitigrammf 
c. cm ^ cm' = cubic centimetre. 5ii' = sq. dm ^ aqnarn deei 
metre. Kgm =i Kilogram metre. Kg" = Kilogramme degree. 



CeMnsorCeDtlgwde. 


FnhreaheH, 


Et 








— 15° 


. 


- 5° 


— 12° 


— 10 




- 14 


— 8 


— 5 




- 23' 


— 4 


meltJKg 




.■S3 


ice 


-\ 


- 5 




- 41 


-\ 


- 4 


- 


- 10 




- 50 ■ 1 ^ 




- 


- 15 




- 59 




H 


- 12 


- 


- 20 


- 


- 68 




■ 


- lU 






. 






■ 


- 20 




■ 30 


- 


- 8a 




■ 


r 24 




■ 35 




- S5 




- 


^ 28 




- 40 




^104 






h 32 




■ 45 




hll3 






[ 3H 




- 50 




■122 






r 40 




- 55 




.131 






■ 44 




- 60 




.140 






h43 




■ 65 




-149 




■ 


h 62 




- 70 




■158 






- 66 




- 75 




-167 




■ 


- GO 




- m 










- fi4 




- 85 




■!S5 






- 68 




- SO 




■194 










- 95 




-203 






■ 76 




-100 boiling 




-212 




wafer - 


- 80 




-200 




■392 


- 


r-iOO 




-300 




■572 




■240 




-400 




■752 




-320 




-500 




-933 




-400 








_^.__ 


2.3* 
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270 VALUES OF FRENCH AND ENGLISH 

1°C. X 



i''C. : 



8 Ft. = i° Ft. = 0°.3 R. = 4° E. 

1° Ft. X I = 1° C. 1° R. X I =1° Ft- 
1° Ft. X i = 1° K- 1° It. X I =1° C. 



English. 



Calorie (FreQch) = unit of heat 

= kilogramme degree / 
It is tlie quanlity of heat necessary to raise 1° C, the tempera- 
ture of 1 kilogramme of distilled \vater. 

Kllogrammetre =: Kgra = the power necessary to raise 1 kilo- 
gramme, 1 metre liigh, in one second. It is equal to Jj of a 
French horse power. Au English horse power ^ 650 foot pounds, 
while a French horse power = 542.7 foot pounds. 

Ready-made Calculations. 



«J- 


iDche, to 


Feet to 


Tm-ds t. 


Miles to 


MUlimcfrrjs 


nnlts. 


cenlimetrea. 


metres. 


ffielrcB, 


KaomelroB, 


lo inches. 




2,53995 


0.3047945 


0.91438348 


1.6093 


0.03937079 




6.0799 


0.6095890 


1.82876696 


a 31 86 


0.07874158 




7.6199 


0.9143835 


2.7431504^ 


4.8279 


0.11811237 




10.1598 


1.2197680 


3.6575339i 


6.4373 


0.16748316 






1.6239724 


4.5719174( 


8.0466 


0.19686395 




15.2397 


1.8237669 


6.48630086 


9.6569 


0.23622474 




17.7797 


2.1335614 


6.40068436 


11.2653 


0.27559553 






2.4383559 


7.31506784 


13.8745 


0.31496632 




22.8596 


2.7431504 


8.22945132' 14.4838 


0.35433711 


lU 


25.3995 


3.0479450 


9.14383480 


16.0930 


0.39370790 



Kr, 


CoQlimclrea 


M««a 10 


Metre, to 


Kllometrpa 




Ss 


to incbei.. 


feol. 


J»Ms. 


10 miles. 




1 


0.3937079 


3.3803992 


1.093633 


0.6213824 


6.45136 


'f 


0.7874153 


6.5617984 


2.187266 


1.2427648 


12.90272 




1.1811237 


9.8426976 


3.230399 


1.8641472 


19.35408 




1.5748316 


13 1235968 


4.374533 


3.4855396 


25.80544 




1.9686395 


16.4044960 


6.468166 


3.1069120 


33.25680 




2.3622474 


19.6853952 


6.661798 


3.72S2944 


38.70816 




2.7559553 


22.9662944 


7.655431 


4.3496768 


45.15953 




3.1496633 


26.2471936 


8.749064 


4.9710592 


51.61088 




3.5433711 


29.5280928 


9.842697 


5.5924416 


58.06221 


10 


3.9370790 


32.8089920 


10.936330 


6.2138240 


64.513(10 
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WEIGHTS AND MEASURES, ETC. 



TJ«, 


Sijnareftifl lo 


Sq, i-ards to 


Acres to 


Sqimre 


Re,, n,et,-.. 


^:l 


Bq. maLros. 


"•■ ™*'"'- 


heolarea. 


to sq. ioebta. 


'" "'*■ '^^'' 




0.0929 


0.836097 


0.404671 


0.165 


10.7643 




0.1858 


1.672194 


0.809342 


0.310 


31.5286 




0.2787 


2.508291 


1.3040)3 


0.465 


32,2929 






3.344388 


1.618684 


0.620 


43.0572 




0.464B 


4.18048S 


2.023355 


0.775 


53.8215 




0.5574 


5.016582 


2.428026 


0.930 


64.5858 








2.832897 


1.085 


7B.3S01 


n 


0.7432 


6. 68877(1 


3.337368 


1.240 


86.1144 






7.524873 


3.643039 


1.395 


66.8787 


10 


0.3290 


8.360970 


4.04G710 


1.560 


107.6430 



Ko. |x".':;r 


H«tiK. 


C.J,I..„,I„. 


sr,:^ 


'tis" 


nnlW 






""'-"'"-■ 






1 


1.196033 


2.471143 


16.3855 


0.02831 


0.76451 






4.942286 


32.7710 


0.05663 


1.62902 


3 


3.588099 


7.413429 


49.1565 


0.08494 


2.29354 






9.884572 


65.5420 


0.11335 


3.05605 


(> 


B.980165 


13.355715 


81.9275 


0.14157 


3.82257 


K 


7.176198 


14.626858 


98.3130 


0.16988 


4.58703 






17.298001 


114.6985 


0.19819 


5.3BI59 








131.0840 


0.23651 


6.11611 


fl 


10.764297 


22.240387 


147.4695 


0.25482 


6.88062 


10 


11.960330 


24.711430 


163.8550 


0.38315 


7.64513 



Mo. 


cob,. 


Il.ro. ,0 




Cubic melrea 


Cubic m-tcM 


UDllS 


cobiotnches. 








jardi. 


1 


0.06102 


61.02705 


3,5317 


35.31659 


1 30802 




0.12205 


123.05410 


7-0634 


70.63318 


2.61604 








10.5951 


105.94977 


3.92406 


4 


0.24411 


244.10820 


14.1268 


141.26636 


5.23208 




0.30514 


305.13525 


17.6586 


176.58395 


6.54010 




0.36617 


366.16230 


21.1902 


211.89954 


7.84812 




0.43720 


427.18935 


24.7219 


247.21613 


9,15614 




0.48823 




28.3536 


333.53272 




9 


0.54926 


549.34345 


31.7853 


317.84931 


11,77313 


10 


0.61027 


610.27050 


35.3186 


363.16590 


13 08020 
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272 FRENCH AND ESGLISH WEIGHTS, ETC. 



~ 


rains 


OnnresMoir. 


Onicos tro)- 


PouDd,«v6Lr. Poandaltor 


vm.. 


to gmmnies. 


logmmiues. 


10 gramwen. 


kllogrammsB. kilogram meg. 


~ 


0.064773 


28.3375 


31.0913 


0.4634148 


0.373096 


3 


0.129548 


66.6750 


62.1836 


0.90U8296 


0.746193 


3 


0.194319 


85.0125 


93.2739 


1.3602444 


1.119288 


4 


0.359093 


H3.3500 


124.3652 


1.8136593 


1.492384 


S 


0.323805 


141.6871 


155.466S 


2.2670740 


1.865480 


6 


0,388638 


170.0260 


186.6478 


2.72048S8 


2.238576 


7 


0.453411 


198.3625 


217.6391 


3.1739036 


2.611672 




0.518184 


326.7000 


248.7304 


3.6373184 


2.984768 


9 


0.582957 


355.0378 


279.8317 


4.0807332 


3.357864 


10 


0.647730 


283.3750 


310.9130 


4.5341480 


3.730960 






No 


LoDft (™<^L^^Ztc^1o Qr»„,™e, ■„ 


I 


-"■ 


liilos. 1 ^f^^'l^ 




...O..V0.. 


ouQCOB my. 


1 


1.015G49 1 0.0702774 


15.438395 


0.0352889 


0.0321633 


2 


2.031298 0.1405048 


30.876790 


0.0705778 


0.0643266 


8 


3.046947 1 0.2108322 


46.315185 


0.1058667 


0.0964899 


4 


4.062596 : 0.2S110n6 


61.753580 


0.1411556 


0.1386632 


5 


5.078345 0.3513870 


77.191976 


0.1764445 


0.1608185 


6 


S.093894 0.4216644 


92.630370 


0.31173.14 


0.1929798 


7 


7.109543 0.4919418 


108.068766 


0.2470223 


0.2261431 


8 


8.125192 0.5622192 


123.507160 


0.2823113 


0.3573064 


9 


9.140841 0.633*966 


138.945555 


0.3176001 


0.2894697 


10 


10.15G490 0.7027740 154.383950 


0.3528890 


0.3216330 












H«rio .oi,„e 


Kilos, per 


Ell^g. per 


'Jl' 


Kilner^mes 


lo°p™"d!i'' 


^riwowiDs 


'^mllr^to^' 


^!n"™"S"" 


noi« 


avoLrddpola, 




22*1 pounds. 


^iiuareinch. 


.V^^'iSl 


1 


3.305486 


2.6803 


0.9845919 


1422.63 


14.22636 


2 


4.410972 


5.SG08 


1.9691838 


2845.05 


28.45032 


3 


6.616458 


8.0409 


2.9537757 


4267.67 


43.67678 


4 


8.821944 


10.7212 


3.9383676 


6690.10 


56.90104 


S 


11.037430 


13.4015 


4.9229595 


7112.63 


71.12630 


6 


13.232916 


16.0818 


f.flif75514 


8535.15 


86.35156 


7 


15.438403 


18.7631 


6.8921433 


9957.68 


99.57682 


S 


17.643883 


21.4434 


7.8767353 


11380.20 


113.80208 


9 


19.849374 


24.1227 


8.8613371 


12802.73 


128.03734 


10 


22.0548IiO 1 26.8030 


0.8459190 


14225.26 


142.252S0 
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I SI) EX. 



Accuracy in nciiljsis, precautions 


Alkaline carbonates— 


necessary to secure, 110 


assay for phospliorio 




acid by fusion of, 142 


of bftrium, 46 


eartta, salts of, 45-47 


of copper, 49 


salts, 30-44 


of le-id, 49 


Bolution of oiide of lead, tisb 


of sodium. 41 


of in determiDalioQ of sul- 


Acetntes, slkiilme, 118 


phur, 200 


Acetic acid, 28 


succinates, separatian of per- 


Acid ttoetio 28 


oxide of iron, alumina, and 


citr.0 29 


phosphoric acid from miin- 


fuming nitric, nssay for sul- 


eanese, time, and maitne- 


phur bv, 147 


sia by, 118 


tydrocblorio, 25, 27 


Alumina, 84 


hjdrosulphuric, 27 


and iron, preoipitatioa of, by 


mlno 2b 


the bydrDSulphide of am- 


oialio 28 


monium. Ill 


BUCCIU1C 29 


and oiide of iron, 113, 114 


sulphcite f potassium, 86 


peroxide of iron, and phos- 


Bulpharic 20 


phoric acid, se para lion 


tartnric 30 


from manganese, lime, and 


Acids, .5-32 


magnesia, 117 


Air-pump in laboratory, CI 


Ammonia, f!4 


Air-pump8. 72 


ttbsorbtion of carbonic acid 


Air-Bto»«, 73 


by, 105 


Alcohol, 17 


for precipitating alumina and 


Alkaliea, caustic, preservation of. 


peroxide of iron, 105 


as 


separation of peroiide of iron. 


Alkaline acetates, separation of 


alumina, and phosphoric 


peruilde of iron, ulumiuH, 


acid from manganese, lime. 


and phosphoric acid from 


and magnesia by, 117 


mangrtneBC, lime, and mag- 




ncBift by, 118 


111 


carbonate in the carbonftte of 


Ammoniiioal solutions of nitrate 


barium, 46 


of silver, 202 


carbonates, 105 


Ammonium, acetate of, 44 


auii saltpetre, assay for 


chloriiie of, 42 


sulphur by, 143 


hydroaulphide of, 42, 123, 154 
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Ammonium — 

luoljbdnte of, 43 

aSHfijfnrphoFpborioaoid 
by, 144-146 
neutral sucoinate of, 44 
oxalate of, 44 

for testing wnter, 18 
Bnlta of, 42-44 
Besq II i carbon ate of, 43 
Gulpbhjdrate of, in testing 

Anatjsea, table for faoititatiag tbc 

oslculalion of, 2G3 
Ansljsis. general, of cast-iion, 
219-^26 
of cast-iron, ronlleable iron, 

and steel, 18T-22S 
of iron ores, 101-166 
of Ecoriee, slaga, ^axes, am] 
fire olnys, etc., 164-166 

volumetrio, of iron, 79-99 
Analyst in iron norks, 62 
Auaij'tical balance, 63 

laboratory. 65 
Anftiyzing ores containing manga- 

Anhydride, carbonic, 81 

molybdic, 32 

Gulpharona, 80 
Anbydroas peroxide, 254 
Apparatus and operations, 55-78 



for 



liquids, 69 
of pUlinnm, 75 
Aqna regia, 26 

in o^say far arsenic ncid, 



hematite, 255 
Arsenic acid, assay for, 156 

fi'eeing sulpliuric acid from, 
26 

in iron ore, 188 
AEih in fuels, 228 
Aaa,iy fur arsenic ncid. 156 

for corbcnic anhydride, 184 



for le»cl, 155, 150 

for other sobstances, 168-164 

foroiidaof zino, 152-164 

for phosphoric acid, 138, 116 

for protoxide of iron, 186 

for Eulpliur, 147-153 

for water. 130-134 

farnnce, 1(59 

Of fuels, 227-235 



zinc, 236-242 
snraples for, 77 
Lfomic weights of elemeu 
bodies, 262 



rium. Ecetntcof, 46 
carbonate of, 46, 119-121 
obloride of. 46 

in assay tor Sulphur, 147 
nitrate of, 45 
salts of. 45, 46 



!ulpbEite of. 1 
Barytio solution for testing water. 

Bases, 38-35 
Bean ore, 258 
Bell, I. Lothian, on carbonic add 

in presence uf iron ores. 168 
Benioates and sc ' 



lierthier's method for testing coal, 

Bichloride of mercury, liberation 

of carbon by, 207 
Bichromate of potassium, 37 

Dr. Percy on method 

with, 9li 
Penny's method with, 
96, 98 
BilaminouB coal, testing. 235 
Black band ircuatone, 251 

Sax. 87 
Blast furnace, control of, mannge- 

meiitof, 167 
Bloodstone, a.")5 
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Blowpipe, liib oratory, 61 



Boilers, dlEtiUed water from, 14 
Borax, glass af, 41 
Bromine, 21. 127 

and iodine as reogents, 21, 

22 
liberation of carbon by, 205 
Brown ciay ironstone, 258 
beniBtites, 267-260 

Frencb method of olassi- 
fjing. 259 

■e, 257 



Burettes, 83 

Calcareous carbonates of iron, 250 
Calcination, 66 

determination of loss bj, 129 
Calcium, carbonate of, 47 
chloride of, 46 
salts of, 46, 47 
Calorific power — heating value of 

fuel, 229-2111 
Carbonate of barium, 45 

Beporatioa of the per- 
oxide of iron, alu- 
mina, and phosphoric 
acid from manganese, 
lime, and magnesia by, 
117 
of calcium, 47 
of potassium, S7 
of sodium, 10 

remoyal of, from carbo- 



Carbonales, alkaline, assay for 
sulphur by, 149 
of iron, 249-252 
Carbon, detei 



after liberation from the 

iron, 205 
of, in cast-iron by direct 

combustion, 204 
of weight of, 200-214 



Carbonic 



!, 168 



ide, 3! 
assay for, 134 
Cast-iron, analjaia of, 187-220 
carbon in, 204 
classification of, 84 
general analysis of, 219-226 
Tariation i», 184 
Caustic alkalies, preservation of, 

S3 
Chalybite, 249 
Cbamoiaite, 261 

Charcoal liniag of crucibles, 169 
use of, in oxidation of sulphur, 



Luii magnesia in 

on. 111 

5 

n aaaay for sul- 



of mercury, 40 
of nickel, 48 

in assay of substance!) 

of sodium, 38 
of tin, 50 
Chlorine, 19 



gas. 



Chromium, assay for, 159 
Citric acid, 29 

use of, 141 
Clay ironstone, 25!, 255 
Cleveland ironstone, 252 
Coal gas flames iu oxidution of 
sulphur, 150 
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235 
Cobalt and nickel, asBa; for, 164 
Coke, testing coal vfith relation to 

its production of, 232-235 
Coking ooal, 2'!5 

College of France, phfsical labora- 
tory of, 69 
Colorimetrio OBsay, 218 

comparison, determination of 
carbon of combination by, 
21&-219 
Columnar red hematites, 2-55 
Combnslion. delerminatiou of oar- 
boa by, 204 
Compact red hematitea, 255 
Copper, ocetate of, 49 
assay for, 1 68 
cbloride of, 48 

ores, in EampUng of, in Corn- 
wall, 78 
oiide of, 35 
sulphate of, 49 
Cornwall crucibles, 168 

sampling of copper ores in, TS 

Crucibles, charcoal lining of, J69 

for iron assays, lliS, 169, 174 

for osidatiou of sulphur, 150 

Crystallized carbonates of irou in 

lajers, 250 

Dnna's Mineralogy, 248 
Desiccating stoves, 72 
Determination of losa by calcina- 
tion, 129 
Dioxide of lead, 35 
Dobereiner's apparatus for gene- 
rating gases, 53 
Doebereiner's apparatus, 31 
Distilled water, 13, Ij 

from boilers, 14 
preservation of, 16 
worms for condensing, 16 
Dry assay of iron, lime of, 185 
method, advantages of assay 



167 



of t< 



tbj, 1 



Earthy carbonates of iron, 250 
Eggertz, Prof., 107 
Elementary bodies, 18 

atomic weights of, 262 
English and French weights and 

measures, tables of, 205-272 
Ether. 17 

bottles in laboratory, 17 

Pavre and Silbermann's process 



FerroBum, 79 
Ferrous salt of iron, T9 
Fibrous red hematites, 255 
Filtering, 70 
Filters, 67 

Fire clays, analysis of, 164 
Fish egg ore, 256 
Flm, black, S7 
Fluies, 170, 171, 175 
analysis of, 164 
miiing, 181 
qnality of, 176 
Fl using material, quantity of 
each, to be employed, 17IJ-I81 
Foreign bodies usually or occa- 
sicnally found accompanying 
iron and its ores, 244-246 
Franklinite, 261 

French and English weights and 
meaeurea, lables of, 2(i5- 
272 
method of classifying brown 
hematites, 259 
Fr^s^nius, 141 

Fuel, calorific power of, 223-231 
Fuels, ash in, 228 
assay of, 227-285 
sulphur in, 226 
water in, 227 
Fuming nitric acid, assay for sul- 
phur by, 147 

Furnaces in laboratory, 56, 67, 
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Galvanic current, liberation of 

CJirbon bj, 208 
QnsBDUs reactive s, Etore of, in 

laboratory, 58 
Qlnaa of borax, 41 
Gothite, 267 
Graphite or uncombined carbon, 

determination of, 214 
Grnner, M., on carbonic acid io 

presence of iron ores, 168 
Gruner'a Malt^fal!tu?■e of Steel, 216 

Heating value of fuel. 220-231 
llemntitee, brown, 257-200 
Ho ode, metallic, ia laboratories, 
62 
MOoden, in laboratories. S2 
Hjdrate of peroiide of iron in 
aeeay of eubstacces contaioing 
zitic. 239 
Hydrochloric acid, 25, 27, 15(5 

use of, 103 
Hydrogen, 18 

jiroduotiou of, 18 
HjdroEulphide of a = - ' 

123 









!by. 



154 

precipitatioD of alumii 
and iron by. 111 
Hydro sulphuric acid, 27 

assay for lead by, 155 
in an acetic solutio 
assay by, for oxide of 
zinc, 152 
HyjpOBCopic water, 130 
Hyposulphite of sodium, 40, 98 

Illumination of laboratory, 61 
Iodine, 21 

solution of, 92 
Iron, 24 

affimdesfor foreign 

220 

analysis of, bj protoobloride 
of tin, 91-90 

I, sulphate of, 



t mi m ill* iblc, analysis 



n of, lai 
kntwledge neoe-sary in ma- 
king volumetric assays of, 



-.3 -47-if 1 

analj-sof 101-166 
assay of, by the dry 

methol 167-185 

das SI filiation of, 247 

imposition of, 101 



hold 



Qg c 






I 16 
percbloride of, 50 
proto- or ferrous salt of, 79 
slate, 255 

Bulphuret or sulphide of, 28 
Tolumetrio analysis of, 79-01 
works, laboratories in, 62 

Itabyrite, 255' 



!, 255 



Jaspery clay li 

Karsten'a riews, 220 

Laboratories in iron works, 62 
Laboratory, industrial nnalytioal, 
arrangement of, 55 
physical, of the College of 
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Leiiii, assay— 


Manganese- 


of substances containing, 


iuiron. iiifluenoe of, 1S7 


241-244 


ores, tendency of, to 


dioiide of, 35 


absorb Bulphnr, 150 


uilrate of, 47 


lime, and magneBia, treat- 


oiide of, 35, 200 


ment of liquid containing. 


Lenticular iron ore, 256 


122-129 


Lepidocrocite, 257 


ores containing. J16-129 


Ledty'alronMamifatiurer's Guide, 


not containing, 102-115 


248 


precipitation of, 128 


Light, aolion on reagents, 20 


prntosalt of, 71) 


Lime, 34 


protosulpliate of. 50, 107 


and m.ignesia, ores holding, 


BeparatioQ of, from peroxide 


110 


ofiron, alumina, and phoa- 




plioric acid, 117 






of, 109, 110 


ment of, 137 


separation of, IH 


Marguerite process, 7S 




Martite, 253 




Measurement of liquids, 69 


of iron, alumina, and phos- 


Mercury, chloride of, 49 


phorto acid from, 117 


Metaborate of sodium, 41 


volumetric assaj of, 107 


MetalUo iron, 200 


Limestone ores, 251 


salta, 48-51 


Limnite, 258 


Meteoric iron, 260 


Limonite, 257 




Liquid containing manganese, 




lime, and magneaia, treatment 


Minium, iron, 255 


of, 122-129 


Mitecheriich, 97 


Liqolds, measurement of, 69 




Lilhoid carbonates of iron, 250 




Litmnspspar, 51, 52 


by, 144-14ti 




Moljbdio acid, ammoniaoal solu- 


of, 129 


tion of, and nitric acid 



Magnesia nnd I 



s liolding, 



of, 109, 110 
separation of, 114 
Mngnesinm, snlt of, 47 

sulpbale of, 47 
Magnetic ores, 252-254 

sands, 253 
Magnetite, ouidnlated iron, 252 
Mittleable iron, analysia of, 187- 

228 
Manganese, determination of, IB', 
in an are, 101, 12S 



■al SI 



e of a 



44 
Nickel and cobalt, assay for, 1G4 

chloride of, 48 
Nitrate of barinm, 45 
of lead, 49 
of polassinm, 36 
of silTer, 48, 200 

blaclieuiug of, by light. 



of soiliu 



,30 
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Nitric acid. 25 


Oxiile— 


ass.ij fur sulphur by 


of lend, 36, 200 


fuming. 147 


of dno, assay for, 162-154 


when not free from aul- 


Osjgeii. aa 


plmri=aoiJ, treatment 




of, 148 


Papers, test, 51-54 


Nitropruaaidc of Hodiuia, 42 


Parry's, M J., instructions for 






oontQining line, 240 


145 


Noaular carbonates, 251 


Penny, Dr., volumetric method for 






Ochre, brown, 258 


Perchloride of iron, 60 


red, 266 


determination of, 137 


yellow, 268 


BoIutioQ of. use of, 133 


Ocbreous mnguetLte, 263 


of tin, Bolution of, 92 


OUgistiron, 254 


Percy, Dr., on method of Dr. 


Oligonite, 249 


Penny, 96 


Oolitic onrbonntes of iron, 250 


MetaUurgy of Iron, 96. 150, 


fossil ore, 25e 


219 



Ores, aasfty of, by tbe dry method. 
167-185 
oontMning mangancBC, 116- 
129 
phoap boric acid, cast- 
iron whicb they give, 
185 
holding lime and masnesia. 

110 
iron, 247-2(11 
magnetic, 252-254 
□ot oontainiug manganese 

102-115 
refraclory to acids, 103 
Oxalate of ammonium, 41 
as a reagent, 114 
for testing water, 13 
of calcium, transformation 



clim. 



115 



Osidiition of sulphur, precauliona 

to be taken in, 150 
Oxide of copper, 35 

of iron and alumina, 113, 



Permanganate of potasaium, 38, 
107 
analysis of iron by, 70-91 
ascertaining tbe stand- 
ard of solution, 81 
preparing solution of, 80 
reaction of, on oialate of 
calcium, 107 
Permanganic acid, 79, 80 
Peroiiiieof iron, 112 

alumina, and phosphoric 
acid, treatment 
of the precipitate 
containing, 120- 






122 
Eeparatioi 



Persjilt of iron, use of, with titaa- 

ifcrous ores. 98 
Pbosphat« of sodium, 41 
Phospboric acid, assay for, 1S6- 



precipitation of. 145 
precipitation of, by mo- 
lybilate of ammmo- 
nium, 145 
separation of, 117 
Phospliorus, assay of iron for. 141 
determinalion of, I'JIi 
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Pbosphorufl- 


Red cbalk, 255 


in cast-iron, 185 


hematites, 254-257 


of the cruciblo nnd the 


litmus paper, 52 


blast furnace, 146 


ochre, 255 


in irou, iuflueDOe of. 187 


oxides, 2-)4 


processes of determiuatioQ of, 


pVHSsiate of potash, 38 


146 


Reniform (kidney) ores, 256 


Phjsicnl laborstorj of the College 




of Prance, 69 


Salt of lead paper, 52 


Platinum, appnratus of, 75 


in aesny of sub- 


vessels, injury of, 75 




Plumbago crucibles. 109 


ing line, 240 


Potash, red prusdale of, 38 


of magnesium, 47 


Potassa, 33 


Saltpetre, assay tor sulphur by. 


PotasEium, bichromate of, 37 


149 


carbonate of, 37 


Salts, alkaline, 3S-44 


chlorate of, 87 


metallic, 48-51 


ferricjanide, 38 


of ammonium, 42-44 


nitrate of, 36 


of barium, 45, 46 


permongnnate of, 38,107 


of oaloium, 40, 47 


analjsifl ot iron by, 79- 


of potassium, 36-38 


9i 


of sodium, 38-44 


Baits of, 36-38 


of the alkaline earths, 45-47 


8u1pl)»te of, 36 


Samples, taking, for analysis or 




assny, 77 


Precipitate containing peroxide of 


Sampling of copper ores— Corn- 


iron, alumina, and phosphoric 


wall, 78 


acid, treatment of, 120-122 


Sand-bath, 73 


Precipitates, weighing, 65-66 


in laboratory, 57 




Schist, specular, 256 


nith oxide of iron, 110 


Soorite, analysis of, 164 


Preserration of oanstio alkalies, 33 






Siderite, 249 


iron by, 91-99 


Siderodot, 249 


ascertaining the stand- 


Sideroplesite, 249 


ard of, Oa 


Silica, 115 


Protosalt of iron, 79 


and alumina in ore, 142 




Silicon in involved slag. 191 




in iron, influence of, 187 


Protoside of iron, assaj for, 136 


determination of, 190-196 


of manganese, oxidation of, 


Silver, nitrate of, 48, 200 


120 


Simple solvents, 13 


Puddler'B ore, 256 


Slag, fusible, 175 


Pjrrhosiderite, 257 


Slags, analysis of, 164 




involved, determination of 


Reactive bottles in laboratory, 62 


silicon in, 191 


Reagents. 13 


Slate iron, 255 


notion of light on, 20 


Smith's, Prof, Lawrence, method 


most advantageons manner ol 


of analysis, 165 


emplojing, 52 


Soda, 33 
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cflrbonnte of. 40 
chloride of, 38 
bjposolpliite of, 40, 98, SO 
B a f 0, 4! 
n tr u to of. 42 
ph ph f, 41 
aa 3 8 44 
eto Dik 41 

Buph e f 39 

a ayf rphosphorioacid 
b ^8-1 41 
a pliu , 89 



determinatioD of ealphar, 
200 
Salrents, eimple, ]3 
Sparry iron, 249 
Spsthio iron. 249 
Speoimena for aaaljsia, selection 

of, 187 
SpecuUr iron, 254 

Bchist, 255 
SpherosidBritB, 249 
Sprengel Bir-pump, 59 
SUinnoEnm. 91 

Steam, supply of, in Inboratorj, 61 
Steel, anolyeiB of, 187-220 

ore, 249 
Stoppers, 82 
Stove, air, 73 
Stoves, liesicoating, 72 
BucoinatB of ammonium, neutral, 
44 
and benzoate of irau, calcioa- 

tion of, 1 19 

of Bodlum, 41 

Snocinatee, alkaline, 118 

SuGOiuic acid, 29 

Sulphate of barium, 122 

in ores, 151 



ot copper, 49 

in elate of bario subsul 
pbate, 151 



EX. 281 

Sulphate — 

of magnesium, 47 
of potassium, S6 
SuipUide of iron, 28 

of Eodium, tiling the stand- 
ardized aolufiou, 241 
state in wliieh sulphur is 
nsnally found in ore, 147 
Sulphides of iron, irrogulfir dis- 
tribution of, in metal, 107 
Snipbite of aodiuni, 39. 166 

assay for phosphoric aoid 
by, 138-141 

of, in the titaniferouH 



iro 



i, 98 



Sulphooyanate of pot 
Sulphur, assaj for, 147-152 
complete oiidatiou of, 147 
crucibles Tor oxidation of, 150 
determination of, 197-202 
fusion witb the allialiae car- 
bonates and saltpetre, 149 
in an ore, to teat the quantity 

of, 150 
!□ fuels, 228 
in iron, inlluenoe of, 187 

ceee for determioatioa 
of, 202 
precautions to be taken in 

oxidation, 150 
traosformatiou of, into bjdro- 
Bulphuric acid, 198, 
199 
into sulphuric aoid, 197 
nsnally found in ore in etnte 
of sulphide, 147 
Sulphuret of iron, 28 

of sodium, 39 
Sulphuretted hydrogen, 27 
Sulphuric acid, 26 

B8SBJ for lead by, 155 
for testing vater, 14 
free from arsenio, 26 
Tolumetrio metlioda for 
determining, 152 
Sulphurous anhydride, 80 

use of, with titaniferous 

Swansea, assaying in, 78 
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Tnbte fnr fncilitnting the cnlcula- 

lion of analyBOB, 263 
Tables in hboratories. 63 

of EiigUsli nnd French 



eightB 






266-372 
Tartaric acid, 30 

presenoe of, in prevent- 
ing precipitation ol 
phosphoric acid, 141 
Test bottles and labtls, 5S 

papers, 51-54 
Tin, 24 

assayfor phosphoric acid by, 



Titanifei-ous Iron ores, 97, 88 
Tttanium, assay for, 161 
Tromba or water blast, 58, <>9 
Tungite, 267 

Violet ore, 255 

Volumetric analysis of iron, 70-09 
knowledge necessary 



Water- 
bath, 74 
blast, 69 

determination of, in fuels, 227 
distilled, preservation of, 16 
hygroscopic, 180 
in chemical combination, de- 

Dot in combination, determi- 

anpply of, in laboratory, 58 

testing, 13 
Weighing. Ii5, 

precipitateB, 66, 66 
Weights, 64 

Worms for ccndensiag distilled 
water, 16 

Xanthosiderite, 258 

Zinc, 24 

asanj of sui!=tanoes contain- 
ing, 236-242 
for preparation of hydrogen, 
18, 19 
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NO. 40e WALNUT STREET, 



ABIiOT.— A Complete Guide for Coach Painters. 

Traiislaled from the French of M. Abi.ot, Coach Fainter ; for elcTen 
years Foreman of Painting to JI. Eherler, Coach Slaker, Paris. By 
A. A. Fesquet, Chemist and Engineer. To which is added an Ap- 
pendix, containing Information respeolin? the Material« and tlie 
Practice oT Coach and Car Painting and Varnishing in the United 
States and Great Briton. 12mo $1,25 

ABMEMGAUD, AMOROUX, and JOHHSOH.— The 
Practical Draughtsman's Book of Industrial De- 
sign, and Machinist's and Engineer's Drawing 
Companion : 
Forminga Complete Course of Mechanical EnginceriiiK and Arclii- 
leeturalDrawing. From the French of M. Armengand the elder, Prof. 
of Design in the Conservaloire of Arts and Industiy, Paris, and MM. 
Armengaud the yonnger^ and Amoroun, Civil Engineers. Rnu-ririon 
and arranged vith additional matter and {ilates, selections 
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2 HENRY CAREY BAIKO'S CATALOGUE. 

ABBOWSMITH.— Paper-Hanger's Companion : 

A Trealise in which the PracticBl Operatious of the Trade are Sys- 



WmatJcally laid down ; with Copious Directions Preuaratiirv to Paper 
Ing ; Preventives against the Eflect of Damp on Walls ; the ■Vm-iom 
Cements and Pastes Adapted to Che Several Purposes uf Uie Trade 
Observations and Directions tor the Panelling anU Urnanieutiug oi 

" " )fDra. 

$1.2f 



Giving full Instruotiona for Reducing Drafts, aa well as the Metliods 
of Spooling and Making out Harness for Cross Drafts, and Finding 
any Required Reed, with Calculations and Tables of Y'arn. By 
Frederick T. Abhton, Designer, West Pittsfield, Mass. With 52 
Illustrations. One volume, 4to $10.00 

BAIRD.— Letters on the Crisis, the Currency and the 
Credit System. 

By IlEKRY CakKY BaiKD. Pamphlet 05 

BAIRD.— Protection of Home Labor and Home Pro- 
ductions necessary to the Prosperity of the Ameri- 
can Farmer, 

By Henry Carky Baikd. 8vo., paper 10 

BAIED.— Some of the Fallacies of British Free-Trade 
Beveaue Beform. 

Two Letters to Arthur Latham Pcn-v, Profes.sfir of Iti.sfnrv and FoiiH- 
cal Economy in Williams Collogc. By IIeKRY CaEEY Baiki>. 

BAIRD.— The Eights of American Producers, and the 

Wrongs of British Free-Trade Revenue Reform. 

By Heney Cakey Baied. Pamphlet Oj 

BAIRD.— Standard Wages Computing Tables : 
An IcnproTement in all former Methods of Computation, so arranged 
that wages for days, hours, or fractions of hours, at a specified rate]Jpr 
day or hour, may be aseeriained at a glance. By T, SpahGLer Baird. 
Oblong folio S5.00 



Speed of Machinery. Draught and Twist Calculations, etc. ; with 
notices of recent ImproTcments: together with Bnles and Examples 
for malting changes in the sizes and numbers of Roving and Yarn, 
Compiledfrom the papersof the late RobebtH.Bairb. 12mo. $1.50 
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HENRY CAREY BATRD'S CATALOGUE. 3 

BAKEB.— Long- Span Railway Bridges : 

Comprising Inve*tigatiouE of tlie Compuralive Theoreticiil and Prac- 
tical Advaiilages of tlio various Adopted or Trupusud Type Systems 
of Construction ; witii nuinerouB Formulte aod Tablt^. By B. BaKEK. 
13010 S3.00 

BAUSILVUlN.—A Treatise on the Metallurgy of Iron : 
. Contftinlna; Outlines of the History of Icon Manufiicture, llelhods of 
Assny, Euia Analysia of Iroa Ores, Processes of Mauafacture of Iron 
and Steel, etc., etc. By H. Bauerman, F. G. S., Associate of the 
Hoyal School of Mines. First American Edition, Revised aod En- 
larged. With an Appendix on the Martin Process for Malting Steel, 
from the Eeport oI^ABram S. Hewitt, U. S. Commissioner to tlie 
Universal Exposition at Paris, 1867. Illustrated. 13mo. . $3,00 

EEAWS.— A Treatise on Railway Curves and the Loca- 
tion of Railways. 
By E. "W. Beans, C. E. lUastraled. 12mo. Tueks. . . $1.50 

BELL.— Carpentry Made Easy : 
Or, The Science and Art of Framing on a New and Improved Sjst*in. 
With Specific Instructions for BuUding Balloon Frames, Barn Frames, 
Mill Franiea, Warehouses, Charoh Spires, etc. Comprisiiig also a 
^stem of Bridge Building, vith Bills, Estimates of Cost, and valuable 
Tables. Illustrated by 38 pla1«a, comprising nearly 200 figures. By 
William E. Bell, Architect and Praefical Builder. 8vo. . $5.00 

BELL.— Chemical Phenomena of Iron Smelting : 

An KspcrimentHl and Practical Examination of the Circumstances 
which delermine the Capacity of the Blast Furnace, the TemjienitMr 



upon. By I. 



BEMROSE.— Manual of Wood Carving : 

With Practical IlloBtrations for Learners of the Art, and Ori^nal and 
Selected Designs. By William BembosBj Jr. With nn IntJoductlou 
by Llewellyn jEWirr, F.S.A.,etc. With 128 Illustrations. 4t«., 
cloth *3.00 

BICKNELL,— Village Builder, and Supplement : 

Elevataons and Plans tor S^ottaEes, Villas, Suburban Residences, 
Farm Hoosee, Stablea and Carriage Houses. Store Fronts, School 
Houses, Churches, Court Houses, and a model Jail ; also, Exterior and 
Interior details for Pnblie and Private Boildinas, witli wi)royed 
Forms of Contracts and Specifications, including Prices of Building 
Materials and Labor at Bc»rton, Mass., and St, Locda, Mo. Containing 
7,5 plates drawn t« scale; showing the style and cost of bntWin^ in 
different sections of the cnnntry, being an ori^nal work comprising 
the designs of twentv leiuling nrchitects, representing the New Eng- 
land, Middle, Westerii, and Southwestern States. 4to. . $1:;.(K) 
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i HENRY CAREY BAIRD'S CATALOGUE. 

BLENKARN.— Practical Specifications of Works exe- 
cuted in Architecture, Civil and Mechanical Engi- 
neering, and in Road Making and Sewering : 

To which are added a serius of prattically useful Agreemcnis and Kc- 
poris. By John ISlenkahn. Illustrated by 15 large folding plains 
Svo. »J00 

BLINH'.— A Practical Workshop Companion for Tm, 
Sheet-Iron, and Copperplate Workers 

Containing Rules for describing variona kinds of Patterns used bv 
Tin, Sheet-Iron, and Copper-plate 'Workers: Practical Geometry, 
Mensuration of Surfaces and Solids ; Tables of tlie Wei^litx it Metals, 
Lead Pine, etc. ; Tablea of Areas and Circumferemes of (.irelei 
Japan, Varnishes, Lackers, Cements, Compositions, etc,, etc. By 
Leboy J. Bi.iNN, Master Mechanic. With over 100 Illustrations. 
12mo S2.50 

BOOTH— Marble Worker's Manual : 

laining Practic! 

_.jng, Working, , .„ 

Composition and Use of Artificial Marble, Stucoos, Cementfi, Receipts, 
SceretB, etc., etc. Translated from the French by JI. L. Booth. 
With an Appendix concerning American llacbles. 12mo., clotli. §1.50 



EnibraciuK ita application to the Arts, Metalluray, Mineralogy, Ge- 
oliwy. Medicine, and Pharmacy. By Jauss C. Booth, Melter and 
Refiner in tha United Slates Mint, Professor of Applied Chemistry in 
the Franklin Institute, etc, assisted by Campbbli. Moepit, author 
of " Chemical Manipuiations," etc. Seventh edition. Royal Rvo,, 
978 pages, with numerous wood-ouls and otlier illustrations. . ?a,00 

BOX.— A Practical Treatise on Heat: 

As applied to the ITaefViI Arts ; for the Use of Engineers, Arehltcels, 
etc. By Thomas Box, author of " Practical Hydraulics," Illustrated 
by 11 plates containing 114 figures, limo $4.a5 

BOX,— Practical Hydraulics : 

A Scries of Rules and Tables for the use of Engineers, cfc. By 
Thomas Box. l3nio. . , . , 53.0O 



Embracing all those which are most important in I>ynamiGB, Hydrau- 
lics, IlydrostitiCB, Pnenmatics, Steam Engines, Mill and otlier Gear- 
ing, Pr«B«a, Horolt^y, and Miscellaneons Machinery ; and including 
many movements never before published, and several of which have 
only recently come into tise. Bv HrNrT T. Buown, Editor of the 
" American Artisan.'' In one volume, 12nio, . . . fl.OIJ 
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HF.NltY CAREY BAIRD'S CATALOGUE. 5 

BUCKMASTEK.— The Elements of Mechanical Phy- 
sics: 
By J. C. BucKMASTBB, late Student in the Goyernmeiit School of 
Mines; Certified Teacher of Science by (he Department of Science 
and Art; Examiner in Chemistry and Physics in tlie Koyal Collsse 
of Preceptors ; and Iftle Lecturer in Chemistry and Physics of Uie 
Royal Polylechnie Institulc. Illustrated with numerous engravings. 
In one volume, 13mo $1,50 

BULLOCK,— The American Cottage Builder: 

A Series of Designs, Plans, and Specifications, from $200 to $20,001), 
for Homes for the People; together with Wanning, Ventilation, 
DraJnage, Painting, and Landscape Gardening. By John Bullock, 
Architect^ Civil :^gineer, Mechiinieian, and Editor of " The Rudi- 
ments of Architecture and Building," etc., etc. Illustrated by 75 en- 
gravings. In one volume, 8vo $3.50 

bullock:. — The Rudiments of Architecture and 
Building : 
For the use of Architect^ Builders, Draughtsmen, Machinists, Engi- 
neers, and Mechanics, Edil«d by John BuLLOcit, author of "The 
American Cottage Builder." Illustrated by 250 engravings. In one 
volume, 8vo. S3.50 

BUBGH.—Practical Illustrations of Land and Marine 



Showing in detail the llodern Improvements of IILgli and Low Pres- 
sure, Surface Condensation, and Super-heating, together with Land 
and Marine Boilers. By N, P, BuKGH, Engineer, Illustrated by 
20plat«s, double elephant folio, with text- , , , $31.00 

BUBGH,— Practical Riiles for the Proportions of Mo- 
dem Engines and Boilers for Land and Marine 

By N. P. BUKGII, Engineer. 12mo $1.50 

BURGH,— The Slide- Valve Praetieally Considered, 

Bv N. 1'. BUEGir, Engineer. Completely illustrated. 12mo. $2.00 

EYLES.— Sophisms of Free Trade and Popular Politi- 
cal Economy Examined, 
By a Bakbister (Sir John Baknakd Byi,E3, Judge of Common 
Pleas). First American from tlio Ninth English Edition, as published 
by the Manchester Becipmcity Association. In one volume, 12mo. 
Paper, 75 cta. Cloth $1.25 

BTEN.— The Complete Practical Brewer : 

Or Plain, Accurate and Thorough Instructions in the Art of Brewing 
Beer, Ale, Porter, including thu Process of making Bavarian Beer, 
all the Small Beers, such ai Root-beer, Ginger-pop, SarsajMirilla- 
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6 HENRY CARRY RAIRD'S CATALOGUE. 

BYRN.— The Complete Practical Distiller : 

Coniprisiug the most perfect and eiact Theoretical and Practicnl De- 
scription of the Art of Distillation and Hectification ; including all of 
tlie most reeeot improvements in diatjlling apparatus,- inetnictions 
for preparing spirito from the numarona TegettAles, fruits, etc.; direc- 
tions iortiie disljllation and preparation of all kinds of brandies and 
other spirits, spirituous and other compoundH, ete., etc. By M. La 
Faybite Byem, M. I>. Eighth Edition. To which are added, Prac- 
tical Directions for Distilling, from the French of Th. Fling, Brewer 
and Distiller. 12nio $1,50 

BYBNE. — Handbook for the Artisan, Mechanic, and 
lingineer : 

Comprising the Grinding and Sharpening of Catting Tools, Abrasive 
PcoceaseB, Lapidary Work, Gem and Gloss Engraving, varnishing 
and Lackering, Apparatus, Materials and Processes for Grinding and 
Polishing, etc. By OLIVER BYRNE. lUnstrated by 185 ivooa eit- 
gravinga. In one volume, 8vo ^.00 



Containing Hew, Eiact, and Concise Methods for Laying out Eail- 
rwid Curves, Switches, Frog Angles, and Crossings ; the Staking 
out of work; Levelling; the Caloulolion of Cutlinra ; Embankments; 
Earth-worit, etc. By Olivek Byrne. ISmc, full bound, pocket- 
book form ¥1.75 

BTBlfE.— The Practical Model Calculator: 

For the Engineer, Meobanio, Manufacturer of Engine Work, Naval 
Architect, Miner, and Millwright. By Oliver Byrne. 1 volume, 
6vo., neariy COO pages $4.50 



BYRITE.— The Practical Metal-Worker's Assistant: 

Compri.'iing Metallur^o Chemistry ; the Arta of Working all Metals 
and Alloys; Forsing of Iron and Steel; Hardening and Tempering; 
Melting and Mixing; Casting and F<mnding; AVorka in Sheet Metal ; 
The Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed bv JJelol- 
Workers. With llie Application of the Art of Electro-Metallurgy to 
Manufacturing Proceasea ; collect«d from Original Sources, and from 
the Works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Seoffern, Clay, Fairbaim, and others. By Oliver Byrne. _A new, 
revised, and improved edition, to which is added An Appendix, con- 
taining The MAKCB'ACTnRR op Russian Sheet-Ikon. By John 
Pebcy, M. D., F.R.S. The MAnrFAcruRE op Malleable Iron 
Castings, and Iwi'BOvaMENTS in Bessemer Steel, By A. A. 
Frbquet, Chemist, and Engineer, With over 600 Engravings, illus- 
trotiiig every Branch of the Subject. Bvo. .... S7.00 

Cabinet Maker's Album of Furniture : 

Comprising a Collection of Designs for Furniture. Illustrated by 4K 
Large and Beaiililiilly EngravedPlates. In one vol., oblong ^S.OO 
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HENRY CAllEY BAIRD'S CATALOGUE. 7 

CALLIMGHAM.— Sign Writing and Glass Emboss- 
ing: 
A Complete Praetiiryl Illustrated Manual of tlie Art. By James 
Callinuham. In one volume, X3mo Sl.oO 

CAMPIN.— A Practical Treatise on Mechanical Engi- 
neering : 
CompriBing Metallurgy, Moulding, Casting, Forging, Took, Work- 
shop Muchineiy, Mecliaiiical Manipulation, Miumtiictuce of Stetuii- 
engines, etc, etc. Witli im Appendix on the Aiiulj'ais of Irou and 
Iron Ores. By PrAUCIH Campin, C, E, To whieli me added, Obser- 
Tutiona on the Coastraction of Steam Boilera, and Remarks upoa 
Furnaces used for Smoke Prevention ; wltli a Chapter on E^losions. 
By E. Armstrong, 0. E., and John Bourne. Eulea for Calcnlatii^! 
the Chanee Wheels foe Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. Bv J- La NiccA. Mana^ment of Steel, Includ- 
ing Forging, Hardening, Tempering, Annealing, Shrinking, and Ex- 
liausion. And the Case-hardening of Iron. By Q. Edb. Bvo. Illus- 
trated with 29 plates and 100 wood engravings . . . $6.00 

CAMFIN.— The Practice of Hand-Turning in Wood, 
Ivorj, Shell, etc. : 

With Instmctiona for Turning such works in Metal as may be re- 

auired in tlie Practice of Turning Wood, Ivory, etc. Also, an Appen- 
ix on Ornamental Turning. By Francis Campin ; with Numerous 
Illnatratious. 12tno., cloth S,S.OO 

CASEY.— The Works of Henry C. Carey : 
FINANCIAL CRISES, their Causes and Effects. 8vo. paper . 25 



" Revfew of the Decade 1857-67," " Eeoonatruction,' ' 



Expansion?" 
Two vols., S™., cloth . . . ' . . . , ' , ^10.00 

PAST, PRESENT, AND PDTURE. 8vo $2.50 

PRINCIPLES OF SOCIAL SCIENCE. 3 vols., 8vo., cloth SIO.OO 
THE SLAVE-TRADE, DOMESTIC AMD FOREIGN ; Why it Ex- 
iats, and How it may be Extinguished (1S63). 8vo., cloth . S2.00 
LETTERS ON INTERNATIONAL COPYRIGHT (t8S7) . 50 
THE UNITY OF LAW : Aa Eihihited in the Relatiooa of Physical, 
Social, Mental, and Moral Science (1873). In one volunie, Svo., 

pp. iiiii,, 433. Cloth $3.50 

CHAPMAK.— A Treatise on Bopemaking : 
As Practised in private and public Rope yards, with a Description 
of the Mannfacture, Rnles, Tables of Weighte, etc., adapted to the 
Trades, ShippiuE, Mining, Railways, Builders, etc. Bv Robeet 
'"" '-- ■ $1.50 
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8 HENRY CAREY BAIRD'3 CATALOGUE. 

COI^UBIT.— The Iiocomotlve Engine : 

IiieluJingu Deseriptionof itsStruelure.RulesforEstii at n" tsCa| i 
bilitjes, aiid Practiciil Observntiuns on ils CoiiiStruutii u au 1 Ma a^a 
nieiit. By ZkiiaU CoLUUiiN. lllustrateil. Auew irdition 1 m * 

CEAIK. — The Practical American Millwright and 
Miller. 

By David CuAIk;, Millnriglit. lUustralud by numerous n oJ e 
gravings, and two folding plates, bvo. ... ul 

QE QBAFF.~The Geometrioal Stair Builders' Quide : 

Being a Plain Practical System of Hand-Railing, embraciuK all ita 
necessary Details, and Geometrically lUustj-ated by 22 Sieel "Enerav- 
ings; together willi the use of the most approved principles of Prac- 
tical Geometry. By Simon Db Gbaff, Architect, ito. . $5.00 

DB KOHI]!fCK.—DIBTZ.— A Practical Manual of Che- 
mioal Analysis and Assaying : 

Aa applied to the Manufacture of Iron from its Ores, anil to Cast Iron, 
Wrovwht Iron, and Steel, as found in Commerce. By L. L. Db Kos- 
INCK, Dr. Se., and E. DiETZ, Engineer. Edited with Notes, by Eobbbt 
Mallet, F.R.S.; F.S.G., M.I.<J.E., etc. American Edition, Edited 
with Not«s and an Appendix on Iron Ores, by A. A, Fesquet, Chemist 
and Engineer. One volume, 12mo $2.50 

DUHCAN.— Practical Surveyor's Guide: 
Containing the necessary information U) make ivny person, of common 
capacity, a finished land surveyor without the aid of a teiiuher. By 
Andrew Duncan. Illustrated. I3mo., cloth. , . , $1.25 

DUPIiAIS.— A Treatise on the Manufacture and Dis- 
tillation of Alcoholic Liquors : 
CompriHingAoourate and Complete Details in Regard loAlcoholfrora 
Wine, Molasses, Beets, Grain| Rice, Potatoes, Sorghum, Asphodel, 
Fruits, etc. ; with the Distillation and Rectification of Brandy, Whis- 
key, Rum, Gin, Swiss. Absinthe, et«., the Preparation of Aromatic Wa- 
ters, Volatile Oils or Essenoes, Sngara, Syrups, Aroniatio Tinctures, 
Lioueura, Cordial Winea Efierveaoing Wines, etc., the Aging of Brandy 
ana the Improvement of Spirits, with Copious Directions and Tables 
for Testing and Reducing Spiritnons Ijquors, etfl., etc. Translated 
■ and Edited from the French of MM. I>UP1JII8, Am6 et Jenne. By 
M.McKennie,M.D. To which are added the TTnited States Internal 
Revenue Regulations for the Assessment and Collection of Taxes on 
Distilled Spirits. Illustrated by fourteen folding plates and several 
wood engravings. 743 pp., 8vo $10.00 

DITSSAUCE.— A General Treatise on tlie Hauufeeture 
of Every Description of Soap : 

Comprisingthe Chemistry of the Art, witb Eemarfes on Alkalies, Sa- 
pouifiable Fatty Bodies, the apparatia necessary in a Soap Factory, 
Practical Instructions in the mannftoture of the varinns kinds of Soap, 
the assay of Soaps, etc., etc. Edited from Notes ofLarm^, Pontenelle, 
Malapayre, Bufour, and others, with lai^ and important additions by 
Prof. H. DiTSSAUCE, Chemist. Illustrated. In one vol., 8vo. . $10.00 
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BUSSAUCE.— A General Treatise on the Manufacture 

of Vinegar : 
Theoretical and Practical. CompriHing tliB various Methods, by the 
Slow and tlie Quick Pri>ces9es,with Alcohol, Wine, Graiu, Malt, (Sder, 
Molasses, and Beets; as well as the Fabrication of Wood Vinegar, etc,, 
eio. By Prof. H. DcssAUCB. In one volume, 8vo. . , $5.00 
DUSSAUCE.— A New and Complete Treatise on the 

Arts of Tanning, Currying, and Leather Dressing*. 
Comprising all the Discoveries and Improvenients made in France, 
Great Britain, and the United States. Edited from Notes and Doeii- 
inenta of Meaars. Sallerou, Grouvelle, Duval, Deasables, Labarraque, 
Payen, Een4, De Fontenelle. Malapeyre, etc., etc. By Prof. H. Dus- 
SAUCE, Chemist. Illustrated by 213 wood engravings. 8vo. $20,00 

DU3SAUCB.— A Practical Guide for the Perfumer ; 
Being a New Treatise on Perfiimery, the most fevorable la the Beauty 
without being injurious to the Meallii, comprising a Description of the 
subatancea nsed in Peritamery, the Formulfe of more than 1000 Prepa- 
rations, Buch as Cosmetics, Perftimed Oils, Tooth Powders, Waters, 
Extracts, Tinctures, Infusions, Spirits, Vinaigres, Essential Oils, Pas- 
tels, Creams, Soapa, and many new Hygienic Products not hitherto 
described. Ediled from Notes and Documents of Messrs. Debay, Lu- 
nel,etc. With additions by Prof.H. Ddssatjce, Chemist. 12mo. |3.00 

DUSSAUCE .— Practical Treatise on the Fabrication 
of Matches, Gun Cotton, and Fulminating Powders. 

By Prof. n. DUSSAUCE. 13mo 13.00 

Dyer and Color-maker's Companion : 

Containing upwards of 2O0 Receipts for making Colors, on the most 
approved princip!eB,for all the yariouB styles and fabrica now in exist- 
ence; with the Scourinif Process, and plam Directions for Preparing, 
Washing-off, and Finishing the Goods. In one vol., 12mo. . Sl.25 

EASTOBT.— A Practical Treatise on Street or Horse- 
power Bail ways. 
Ev Alexandbb Easton, C. E. Illustrated by 23 plates. 8vo,, 

cloth $2.00 

ELDEU.— Questions of the Day : 

Economic and Social. By Dr. William Eldeh. 8vo. . ¥3.00 
PAIBBAIEJT.— The Principles of Mechanism and Bla- 
chinery of Transmission: 

Comprising the Principl™ of Mcchaniam, Wheels, and Pulleys, 
Strength and Proporiiona of Shafts. Coupling of Shafts, and Engaging 
and Disencacing Gear. By Sir William FaIBBAIRH, C.E., LE.D., 
F.R.S., F.G.8. Beautifully illnstrated by over 150 wood-culs. In 

one volnme, 12mo ^ $2.50 

FOHSTTH.— Book of Designs for Headstones, Mural, 
and other Monuments : 
Conta.ining78 Designa. By.lAMES FonsYTH. With an Introduction 
by Charles BoutbiJ:, M. a. 4to., cloth *'>.00 
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10 HENRY CAREY BAIRH'S CATALOGUE. 

GIBSON,— The Amerioan Dyer: 

A Praotieal Treatise on the Colorinj; of Wool, Cotton, Yarn and 
Cloth, in three pacts. Part First gives a deacciptive account of the 
Dye Stuffs; if of v^etable origin, where produced, how cultivated, 
aiid how prgttired for use; if chemical, their oomposition, specific 
gravities, and general adaptability, how adulterated, and how to de- 
tect the adultenilJoiis, etc. Part Second ia devoted to tJie Coloring of 
Wool, giving reoipee for one hundred and twentj-nine different colors 
or shades, and is supplied with sixty colored samples of Wool. Fart 
Third ia devoted to the Coloring of Kaw Cotton or Cotton Waste, for 
miiing with Wool Colors in the Manu&oture of aJl kinds of Fabrics, 
gives recipes for tbirtf-eight different colors or shades, and is snpplied 
with twen^-four colored samples of Cotton Waste. Also, recipe? for 
Coloring Seavers, Doeskins, and Flannels, with remarks upon Ani- 
lines, giving recipes for fifteen different colors or shades, and nine 
samples of Aniline Colors that will Oaad both the Fulling and Scour- 
ing process. Also, recipes for Aniline Colors on Cotton Thread, and 
recipes for Coniroon Colors on Cotton Yams. Embracing in all over 
two hundred recipes for Colors and Shades, and ninety-four samples 
of Colored Wool and Cotton Waste, etc By Richard H. Gibson, 
Practical Dyer and Chemist. In one volume, 8vo. . . S12.50 

GILBAET.— History and Principles of Banking : 

A Practical Treatise. By James W. Gii.baet, late Manager of the 
London and Westminster Bank. With additions. In one volnme, 
8vo., 600 pages, sheep S5.00 

Gothic Album for Cabinet Makers : 

Comprising a Collection of Designs for Gothic Furniture. Illustrated 
by 23 large and beautifully engraved plates. Ohlong . . £3.00 

OR AHT. — Beet-root Sugar and Cultivation of the 
Beet. 

ByE. B.Grant. 12mo . . . £1.25 

GREGORY.— Mathematics for Practical Men : 
Adapted to the Pursuits of Surveyors, Architects, Mechanic;, and 
Civil Engineers. By Olistuus Gkeqoey. Bvo., plates, elolh £3.00 

GRI8W0LD.— Railroad Engineer's Pocket Compan- 
ion for the Field : 

Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and AngW and all Necessary Tables for Engi- 
also the art of Levelling noia Preliminary Survey to the Con- 
n of R^Iroads, intended Expressly for the Young Engineer, 
r with Numerous Valuable Eules and Examples. By W. 
Gbiswold. 12mo., tuobs $1.75 

GB.VNER.— Studies of Blast Fumaoe Phenomena. 

By M. L. GEUNEE^resident of the General Council 

n Appendix, by L. 0. B. 
Gordon, F.'K.S.E,, E.G. S, Illustrated. Svo, . . . §2.50 
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GTJETTIEB.— MetaUie Alloys; 
Being a Practical Guide to their Chemical and Physical Properties, 
their Preparation, Composition, and Uses. Translated from the 
French of A. GuBTTIBR, Eneineer and Director of Foundries, author 
of "LaFouderie en France," etc., etc. By A. A. Fesquet, Chemist 



HAB.BIS.— Gaa Superintendent's Pocket Companion. 
By Harris & Brother, Gas Meter Manufacturers, 1115 and 1117 
Cherry Street, Philadelj>hifl, Full liound in pocket-book form $2.00 

Hats ejid Felting: 
A Praotieal Treatise on their Maiinlacture. By a Practical Hatter, 
lUustraled by Drawings of Machinery, etc. 8vo. . . . SI. 25 

HOPMANIf.— A Practical Treatise on the Hanui^ic- 
ture of Paper in all its Branches. 

By Carl Hofmans. Lat« Superintendent of paper milla in- Ger- 
many and the United States; recently manager of the Public Ledger 
Paper Mills, near Eltton, JId. Illustrated by 110 wood engravings, 
and liTo lai^ folding plates. In one volume, 4to., cloth; 3aM 
pages ¥15.00 

HUGHES .—American Miller and Millwright's Assist- 
ant. 
By Wm. Carter Hughes. A new edition. In one vol., 12mo. S1.50 



Containing Formnla) useful in Designing Builder's work. Table of 
Weights, of the materials nsed in Building, Memoranda connected 
with Builders' work. Mensuration, the Practice of Builders' Measure- 
ment, Contracta of Labor, Valaauon of Property, Summary of the 
Practice in Dilapidation, etc., etc. By J. Ft Hitrst, C.E. Second 
edition, pocket-book form, full bound S2.50 

JEBVIS.— Bailway Property : 

A Treatise on the Construction and Management of Railways ; de- 
signed to afford useful knowledge, in the popular style, to the holders 
of tills class of properly; as well as Eaihvay Managers, Officers, and 
Agents. By Jons B. JERVIS, late Chief Engineer of the Hudson 
River Itailcoad, Croton Aqueduct, etc. In one vol., 12mo., cloth $2,00 



By J. F. \V. JoirssTON. 12mo. 
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KEEHE.— A Hand- Book of PracticEil Gauging : 

For the Use of Beginners, tO which is added, A Chapter on Distilln- 
tJon, describing tlie proueas in opiiration at the Custom House lfi( 
ascertaining the strength of wines. By JiMES B. Khenk, of 11. M. 
Coatoms, 8yO $1.3o 

KELTiEY. — Spooohes, Addresses, and Letters on In- 
dustrial and Financial Questions. 
By Hod. William: D. Kellky, M. C. In one volume, 544 pases, 
Svo S3,00 

KEWTISH.— A Treatise on a Box of Instruments, 
And the Slide Rule ; with the Theory of Trigonometry and Loga- 
rithms, inclading Practical Geometry, Snrt'eying, Measuring of Tim- 
ber, Cask and Malt Gauging, Heights, and Distances. By Thouar 
Kentish. In one votnme. 12mo $1,26 

KOBKLL.— EBB!.— Mineralogy Simplified: 

A short Method of Determining and Claseifying Minerale, by means 
of simple Chemical Esperiments in the Wet Way. Translated ihim 
the last German Edition of F. Von KoBBLi^witli an Introduction la 
Blow-pipe Analysis and other additions. By Henbi Ehn^ M. D., 
late Chief Chemiflt, Department of Agricalture, author of " Coal Oil 
and Petroleum." In one volume, 13mo $2.50 

IiANDEIIf.— A Treatise on Steel : 

Comprising its Theory, Metallurgy, Propertiea, Practical Working, 
and Use. By M. H. C. Landrin, Jr., Civil Enpneer. Translated 
from the French, with Notes, by A. A. Fesqttet. Chemist and Engi- 
neer. With an Appendix on the Bessemer and the Martin Processes 
for Manafiicturing Steel, from the Report of Abeam S. Hewitt, United 
States Commissioner fo the Ujuversal Exposition, Paris, 186?. In one 
volume, 13mo $3.00 

IiABKIM.— The Fractical Brass and Iron Founder's 
Guide : 

A Concise Trea'ise on Brasa Founding, Moulding, the Metals and their 
Alloys, etc : to which are added Recent Improvements in the Manu- 
iheture of Iron, Steel by the Bessemer Process, etc., etc. By James 
Lagkik, late Conductor of the Brass Foundry Department in Reimy, 
Ncnfie & Go's. Penn Worlss, Philadelphm. Fifth edition, revised, 
witli Extensive additions. In one volume, 12ma. , . $2.25 

LEA VITT.— Facts about Peat as an Article of Fuel : 
With Bemarks apon its Origin and Composition, the Localities In 
which it is found, the Methods of Preparation and Manufacture, and 
the various Uses to which it is applicable ; together with many other 
matters of Practical and Scientific Interest. To which is added a chap- 
ter on the Utilization of Coal Dust with Peat for the Production of an 
Excellent Fuel at Moderate Cost, specially adapted for Steam Service. 
BvT. 11. Lkavitt. Third edition. 12mo. . . . .^I.7o 
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Comprising Practical MeuliaDica, with Rules anil Calculations applied 
to Spinning; Sorting, Cleaoin^, and Scouring Wools] the EngJisli 
and French methods of Combing, Drawing, and SpinningWorsteds 
and ManuiiLctflring Carded Yams. Translated from thcTrench of 
Ckabies Lbkoux, Mechanical Engineer, and Superintendent of a 
Spinning Mill, by Hokatio Paike, M. D., and A. A. Fesqubt, 
Cnemist and Engineer. Illustrated by 12 large Plates. To which is 
added an Appendix, containing extracts from the Reports of the Inter- 
national Jnry, and of the Artieans selected by the Committee appointed 
by the Council of the Society of Arts, London, on Woollen and Woreted 
Machinery and Fabrics, aa exhibited in the Paris Universal Exposi- 
tion, 1367. 8to., cloth S5.00 

IiESIiIE (Miss).— Complete Cookeir : 
Directions for Cookery in its Variona Branches. By Miss Leslie. 
60th thousand. Thoroughly revised, with the addition of Nisw Re- 
ceipts. In one volume, 12mo., olotli $1.50 

LESLIE (Miss).— Ladies' House Book : 
A Manual of Domestic Economy. 20th revised edition. 12mo., cloth. 

LESLIE (Miss).— Two Hundred Receipts in Trench 
Cookery. 

Cloth, 12mo. 

1 Guide : 

to Assayers, Itinera, and Siiiell«rB, for tlie 

!S, for aie Ores of ail 

a and Allays, and of 

[. LlEBEB. 12mo., cloth. . . $1.25 

LOTH.— The Practical Stair EuiXder : 

A Complete TreatSse on the Art of Bnilding Stairs and Hand-Rsuls, 
Designed for Carpenters, Builders, and Stair-Builders. Illustrated 
with Thirty Original Plates. By C. Edwabd Loth, Professional 
Stair-Builder. One large 41^. volume SIO.OO 

LOVE.— The Art of Dyeing, Cleaning, Scouring, and 
Finishing, on the Most Approved English and 
French Methods: 
Being Practical Instmcdons in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Window 
Cnriains, Carpels, Kugs, et«. French and English Cleaning, any 
Color or Fabric of Silk, Saljn, or Damask. By Thomas Lovb. a 
Working Dyer and Scourer. Second American Edition, to which are 
added General Instructions for the Use of Aniline Colors. In one 
volume, Svo., 343 pages. $r>.00 
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MAIK and BH, OWN .—Questions on Subjects Con- 
nected with the Marine Steam-Engine ; 

AadExommation Pagers; williHmtsfoctlieir8olu!ion. ByTHOMAB 
J. Main, Professor ofMalhematiee, Eoyal Navfti CoUege, and Thomas 
BkOWN, Chief Engineer, E. N. 12nio., olotll. ... $1 .50 

MAIK and BROWN.— The Indicator and Dynamo- 
meter: 

With their Practical Applications to the Sieam-Engioe. By Thomas 
J. JlAlN, M. A. F. E., Assistant Professor Royal Naval Collejje, Porta- 

moutli, and Thomas T ' t . a ,-■ «i.-... ,-,. t, 

N., attached to tJie E< 
Fourth London EdiUoii 

MAIN and BBOWN.— The Marine Steam-Engine. 
By Thomas J. Main, T. K. ; Assistant S. Mathematical Professor at 
the Eoynl Naval College, Portsraouth, and, Thomas Bkown, Assoc. 
Inat, C. E Chief Engineer E. N. Attached to the Rojal Naval Col- 
lie. Anthors of "Qnesiiona connected with the Manne Steam-En- 
gine," and the "Indicator and Dynamometer." WithuumeruusIUiia- 
trations. In one volume, 8vo. ¥5.00 

MARTIN.- 3orew-Cutting Tables, for the Use of Me- 
chanical Engineers : 

Showing the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any required Pitch ; irith a Table for Making the Uni- 
versal Gas-Pipe Thread aiid Taps. By W. A. Maktin, Engineer. 
8vo 50 

Meohanics' (Amateur) Workshop: 
A treatise containing plain and concise directions for the manipula- 
tion of Wood and Metals, Including Casting, Forging, Brazing, Sol- 
dering, and Carpentry, By the aothor of the " Lathe and its Uses." 
Third edition. Illustrated, Svo ,93.00 

MOIiESWORTH.- Pocket-Boob of Useful Formulas 
and Memoranda for Civil and Mechanical Engi- 
neers. 
By GuiLFOBD L. MoLESWOKTH, Member of the Institution, of Civil 
Engineers, Chief Resident Eijglneer of the Ceylon Railway. Second 
American, from the Tenth London Edition. In one volume, full 
honud in pocket-book form $3.00 

NAPIER.— A System of Chemistry Applied to Dyeing. 

By Jamis Napier, F. C. 8. A New and Thoroughly Revised Edi- 
Completely brought up to the present slate of the Science, inola- 

conl, .._.,.._ 

1, Paris, 1867. lUustrnted, 
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]S'AFIEB.— Hamial of Electro -Metallurgy : 

Including liie Application of tlie Art to Manufacturing Proi. _j 

James Napiee. FourtJi American, from tlic rourtli Ixindou edition, 
revisfsJ and enlarged. Illustrated by engravings, InonevoL, 8vo. $2.00 

JfASOBT.—Table of Beactions for QuaUtativo Chemical 
Analysis, 
By Hesry li. Nason, Profeaaor of Chemistry in the Rensselaer Polv- 
leehnio Institute, Troy, New York, Illustrated by Colors. , 63 

WEWBEEY,— Gleanings from Ornamental Art of 
every style : 
Drawn tmm Examples in the British, South Kensington, Indian, 
Cr>'stal Palace, and other Maseums, the Exhibitions of 1851 and 1862, 
and the best English and Foreign works. In a series of one hundred 
exquisitely drawn Plat«e, containing many hundred examples. By 

ROBEET HEWBERT. 4to. $15.00 

BIOHOLSON .— A Manual of the Art of Bookbinding : 

Containing full instructions in the different Branehis of Forwarding 
Gilding, and Finishing. Also, the Art of Marbling Book-edges anil 
Paper, By James B.NICHOLSON. Illustrated, 12mo,, cloth, $2.25 

WICHOLSOM".— The Carpenter's New Guide: 

A Complete Book of Linea for Carpenters and Joiners. By Peter 
Nicholson. The whole carefully and thoroughly revised by H. K. 
Davis, and containing numerous new and improved and original De- 
signs for Roofs, Domes, clc. By Samuel Sloan, Architect. Illus- 
trated by 80 plates, 4to, $4.50 

NOBKIS.— A Hand-book for Iiocomotive Engineers 

and Machinists: 

Comprising the Proportions and Calculations for Constructing Loco- 

motives; Manner of Setting Valves; Tables of Squares, Cubes, Areas, 

etc., etc. By Srftimus Noebis, Civil and Mechanical Engineer, 

New edition. Illustrated. 12mo., cloth $2,00 

14'YSTBOM.— On Technological Education, and the 
Construction of Ships tuid Screw Propellers : 
For Naval and Marine Engineers, By John W. Ntstrom, late Act 



O'MEUiIi.— A Dictionary of Dyeing and Calico Print- 
ing: 

Containing a brief account of all the Substances and Processes in use 
in the Art of Dyeing and Printing TesOle Fabrics; with Practical 
Receipts and Scientific Information, By Chables O'Neill, Ana- 
lytical Chemist; Fellow of the Chemical Society of London; Member 
of the Literary and Philosophical Society of Manchester ; Author of 
" Chemiaty of Calico Printing and Uyeuig." To which is added an 
Essay on Coal Tar Colors and their application to Dyeing and Calico 
Printing. By A. A. Febqubt, Chemist and Engineer. With an Ap- 
pendix on Dyeing and Calico Printing, as shown at the Universal 
Exposition, Paris, 18fl7. In one volume, 8vo., 491 pages. . $0.00 
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ORTOW,— TTndergroimd Treasures : 

Hoiv and Where to Find Them. A Key for the Ready Determination 
of all the Uaefnl Minerals within the United SlalfiB. By James 
Obton, a. M. llliislraltid, 12mo $1,50 

OSBOBN.— Amerioan Mines and Mining; 

Theotetieally and PractJeally Cuoaidered, By Prof. H. 8. Osboen. 
Illustrated by numerous engravings. 8vo. (^In, preparaHim.) 

OSBOBJ4'.— The Metallurgy of Iron and Steel : 

Theoretical and Praetjcal In rI! its Brandies; vrith special reference 
to Aoierioan Materials and Processes, By H. S. OSBORff, LL. D., 
Professor of Mining and MetaUtii^y in Lafayette College, East«n, 
Pennsylvania. Illustrated by numerous laige folding plates and 
wood^engravinge, evo. $15.00 

OVEEMAH".— The Manufeoture of Steel : 

Containing Iha Praotiee and Prinoiides of Workingaml Making Steel. 
A Handbook for UlackamitliB and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Hanu&ctnrers of Files and Hard- 
ware, of St*el and Iron, and for Men of Science and Art. By Fked- 
Overman, Miniug Engineer, Author of the " Mannfectare of 
larged, and revised Edition, By A. A. Fesqcbt, 



Iron," Bte. 

Chemist and Engineer. 



OVEKMAN.— The Moulder and Pounder's Pocket 
Guide : 

A Treatise on Mouldingand Founding in Green-sand. Dry -sand. Loam, 
and Cement; the Moulding of Machine Frames, Mill-gear, Hollo- 
ware, Ornaments, Trinkets, Bells, and Statues ; Description of Monl 
for Iron, Bronze, Bra.iH, and other Metals; Plaster of Paria, SiUphi.., 
Wax, and other artiolea commonly used in Casting; the Construction 
of Melting Fnmaoea, the Melting and Founding of Melala ; the Com- 
position of Alloys and their Nature. With an Appendix containing 
Receipts for Alloys, Bronze, Varnishes and Colors for Castings ; also. 
Tables on the Strength and other qualities of Cast Metals. By Fbed- 
BBICK Overman, Mining Engineer, Author of "The Manufiicture 
of Iron." With 43 Illustrations. 12mo. .... $1.50 

Fainter, Gilder, aud Vamisher's Companion : 

Containing Rules and Eegulations in everything relating ia the Arts 
of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling, 
Sign- Writing, Gilding on Glasa, and Coach Painting and Varnishing ; 
Tests for the Detection of Adulterations in Oils, Colors, etc. ; and a 
Statement of the Diseases to which Painters are peculiarly liable, with 
the Simplest aud Best Remedies. SixleenUi Edition. Bevised, with 
an Appendix. Containing Colors and Coloring- Theoretic^ and 
Practical. Comprising deaoriptions of a great variety of Additional 
Pigments, their Qualities and Uses, to which are added, Dryers, and 
Modes and Operations of Painting, etc. Together with Chevreui's 
Principles of Harmony and Contrast of Colors. 12mo., cloth. SI ,50 
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PALLETT.— The Miller's, MUl Wright's, and Engineer's 
Guide. 
By ilKsuY Pai-leit. lUuatrated. In one voluino, ISnio. §3.00 

PKECY.— The Manufiioture of Bussian SheeHron. 

By Jonrr Percy, M.D., F.R.S., Lecturer on Metallursy at the Royal 
School of Mines, and to The Advanced Class of Aiijllery OtBeers at 
the Koyal Artilleiy Institaliou, Woolwich ; Author of " Metallurgy." 
With lUostratioiis. 8vo., paper SO cts. 

PEEKIHS— Gas and Ventilation. 

Practical Treatise on Gas and Ventilalion. With Special KelatLon to 
Illuminating, Heatinff, and Cooking by Gas. Including Scientific 
Helm to Engineei'-atauents and others. With Illustrated Diagrams. 
By E, E. Perkins. 12mo., cloth S1.25 



Gauge of the fractional i>arta of an inch j the Weight per sheet, and 
the Thickness on the Wire Gange of Sheet-iron of variona dimensions 
to weigh 112 lbs. per bundle; and the conversion of Short Weight 
into Long Weight, and Long Weight into Short. Estimated nnd eol- 
leeted by G. H. Perkins and J, G. Stowe $2.50 

PHILLIPS and DAELIHGTON.— Records of Mining 

and Metallurgy; 

Or Facts and Memoranda for the use of tlie Mine Agent and Smelter. 
By J. Arthuk Phili.IPS, Mining Engineer, Graduate of the Imperial 
Suliool of Mines, France, etc., and JOHS BARLiBGTOff. Illustrateil 
by numerous engravings. lu one volume, 12mo. . . ?2.00 

PEOTEATJX.— Practical Guide for the Manufactnxe 
of Paper and Boards. 

By A. P BOTE Aux, Civil Engineer, and Gruduateof the School of Arts 
and Manufectures, and Director of Thiers' Paper Mill, Puv^le-DOnle. 
With additions, by L. S. Lb NohMand. Translated from the French, 
with Notes, by BIoratio Paibe A. B., M. D. To which ia added a 
Chapter on the Manufacture of Paper from Wood In the Unite<l 
Stales, by Henby T. Beown, of the "American Artisan." Illus- 
trated by sii plates, containing Drawings of Raw Materials, Machi- 
nery, Plana of Paper-Mills, etc, etc. 8vo ?r.so 

BEGH'ATTLT.— Elements of Chemistry. 

By M. v. EEGNAVf.T. Translated fi'om the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. 8. Mint, and Wm. L. Faber, SlelaHurgist and Mining 
Engineer. Illnstrated by nearly 700 wood engravings. Comprising 
nearly 1500 pasts. In two volumes, 8vo., cloth. , . . 37.50 
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EEID.— A Practical Treatise on the Manufacture of 
Portland Cement : 
By Henky Reid, C. E. To which is added a Translation of M. A. 
Lipowitn'a Work, describitij; a Sew JIuthod adoiiCcd in Germany fot 
Miimiflicturiog that Ciiment, by W. F. liElD. Illustrafad by plates 
and wood engraviugB. 8vo $<<.0U 

BIPFAULT, VBHOlfAUD, and TOUSSAINT.-A 
Practical Treatise on the Manufacture of Var- 
nishes. 

Bv MM. EiFFAfLT, VEKOUAri), and Tou&sAisT. Revised nnd 
Edited by JI. F. MALErEYRE Hiiil Dr. Emu. Wiscklek. lllnstrateil. 
Ill oni; volume, Svo. {In jircparalma.) 

BIFrAULT, VEEGNAUD, and TOUSSAIWT.— A 

Practical Treatise on the Manufacture of Colors 

for Painting: 
Containing the beat FormiilEC and the Processes the Newest and in 
most General Use. By M M. Rippault, Vkhqnattd, and I'oussaint. 
Eevised and Edited by^M. F. Malepeyhe and Dr. Emu. Winokler. 
Translated from the Trench by A. A. FESQrET, Clieniist and Engi- 
neer. Illustrated by Engravings. In one volume, 650 pages, Svo. 
{Seady Jane 1, 1874.) 

EOBINSON.— Explosions of Steam Boilers: 
How they are Caused, and how tliey may be Prcvtntcd. By .T. R. 
Robinson, Bteani Eu|;inctT. V2mo $1.25 

ROPEB.— A Catechism of High Pressure or Non- 
Condensing Steam-Bngines : 

Ineludinjt ihu Jlodelling, Constructing, Running, and Management 
<jf Steam Engines and Steam Boilers. Willi Illustrations. By 
Stephen Roper, Engineer. Full bound tucks . . . $2.00 

BOSELEUB.— Oalvanoplastic Manipulations : 

A Practical Guide for the Golil and Silver Electro-iilater and the 
GalvanoplasUo Operator. Traaslated from the French of Alfred 
ROSEIECB, Chemist, Professor of the Galvanoplastie Art, Manufiuitu- 
rer of Chemicals, Gold and Silver Eleotro-plater. By A. A. Fesqttet, 
Chemist and Engineer. Illustrated by over 127 Engravings on wood. 

8to., 485 pages. S6.00 

gS-2Vit> TrenUsp is the. fuUett and hj far llie beat on this tubjecl ever 
pMished in the United Stalea, 

8CHIHZ.— Besearches on the Action of the Blast 



By Chakles Schinz. Translated from the German with the apeeial 
permiasion of the Author bv Wri.UAM H. Maw and Mokitz Mul- 
l.Bn. With an Appendix written by the Author expressly for this 
edition. Illustrated by seven plates, eoutaiiiing 28 fiK'ires. In one 
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SHAW. — Civil Architecture : 

Being a Complete Theoretieal and Practical System of Builiiing, con- 
taining the Fuiidamenlal Principles of tlie Art. By Edwaed Shaw, 
Arcliitect. To wliich is added a Treatise on Qothio Architecture, ate. 
By Thomas W. SiLLOWAur and Geobce M. Habmsg, Aroliitecta. 
The whole illoatrated by One Hundred and Tvp-o quarto plates finely 
engraved on copper. Eleventh Edition. 4to., elotli. SIO.UU 

SHTJNK.— A Practical Treatise on Eailway Curves 
and Location, for Young Engineers. 

By ■WfLLiAJi i\ Shvke, Civil Engineer. 12ma. . . $2.00 

SLOAK.— American Houses: 

A variety of Original Designs for Bnral Bnildinga. IlluBtratod by 26 
colored Engravings, with Descriptive References. By SAMrsi, Sloas, 
Arehiteot, author of tlie " Model Architect," etc., elo. 8vo. §2.50 

SMEATOW.— Builder's Pocket Companion: 

Containing the Elements of Building, Surveying, and Architecture; 
with Practical Rules and Inatrnctions connected with tlio subject. 
By A. C, Smeaton, Civil Engineer, etc. In one volume, 12mo. Sl-50 

SMITH.— A Manual of Political Economy. 
Bv E. Peshise Smith. A new Edition, to wliiciv is added a full 
Index. 12mo., cloth $1.25 

SMITH.— Pai'ks and Pleasure Grounds: 
Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc,, el«. 12mo. S2.25 

SMITH.- The Dyer's Instructor: 
Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woollen Goods: eontaininn nearly 81K) 
Eeeeipts. To which is added a Treatise on the Art of Padding ; ajid 
the iTinting of Silk Warps, Skeins, and Handkerchiefs, and the 
various Monlanta and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. 12ino., doth. . . , ijS.OO 

SMITH.—The Practical Dyer's Guide : 
Compriaing Practical Inatrnctions in the Dyeing of Shot Coboiu^, 
Silk Striped Orleans, Colored Orleans from Blook Warps, Ditto from 
White Warps, Colored Cobourga from White Warps, Mennos, Yams, 
Woollen Cloths, etc. Contaiulng neor^ 300 Beceipta, t« most of whieli 
a Dyed Pattern is annexed. Also, A Treatise on the Art of Padding. 
By David Smith. In one volume, 8vo. Price. . . $25.00 

STEWART.— The American System. 
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holstcrj-, with Familiar Instructions, illustrated by Esamph 
attmnius a. Proficiency in the Art of Drawing, aa applicable to Cabi- 
net-work ; Oio Processes of Veneeriiis, Inlajmg, and Buhl-work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, cic. Dfree- 
tiona for Lackering, Japaaning, and Varnishing; to mate French 
Polish ; to prepare the liest Glues, Cements, and Compositions, and a 
number of Receipts pardenlarly nseftil for workmen generally. By 
J. Stokes, la one volame, 12mo. With Illustrations. . $1.25 

Strength and other Properties of Metals : 

lUpoFts of Experiments ou the Strength and other Properties of Hetals 



for Cannon. \Vitli a Description of U>o Machines for testing Metals, 
and of the Classification of Cannon in service. By Officers of the Ord- 
nance Department U. S. Army. By authority of the Secretary of War. 
Illustrated l>y 25 large steel plates. In one volume, 4to. . $10.00 

SULLIVAN.— Protection to Wativo Industry. 

By Sir Edwakd Suli.IVAS, Baronet, author of " Ten Chapters on 
Social Iteforms." In one volume, «vo 3I.5i) 

Tables Showing the Weight of Round, Square, and 
riat Bar Iron, Stoel, etc., 

ISy Jlciisuremcnt. Clotll 63 

TATLOE,— Statistjoa t)f Coal: 

Inoluding Mineral Bituminous Substances employed in Arts and 
Manufiioturee ; with their Geographical, Geological, and Commercial 
Distribution and Amnunt of Production and Consumption on tho 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. Bv K. C. Tavlor. Second edition, revised by S. S. IIal- 
BEMAtJ. IllustTBted by five Maps and many wood engravings. 8vo., 
cloth $10.00 

TEMPLETON.— The Practical Examinator on Steam 

and the Steam- Engine : 

With Instructive References relative thereto, arranged for the Use of 

Engineers, Students, and others. By Wm. Templeton, Engineer. 

12mo 51.25 

THOMAS.— The Modern Practice of Photography, 
liy R. W. Thomas, F. C. S. Svo., cloth 75 

THOMSON,— Freight. Charges CalciUator. 
liy Anderw Thomson, Freight Agent. 24mo. . . , SI. 25 

TUEHING; Specimena of Paney Turning Executed 
on the Hand or Poot Lathe: 
With Geometric;,Oval, and Fx;ccntric Chucks, and Elliptical Cutting 
Frame. IJy an Amateur, lllustruteil by 30 exquisite Photographs. 
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Turner's (The) Companion: 

Containing Instraetions in Concenlrio, Elliptie, and Eccentric Turn- 
ing : also YOrious Plates of Ctucts, 'lools, and InatrumenU ; and Di- 
lectiona fiir using tiie Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Ilcst ; niHi Patterns and lustructiona for working them. A 
new edidon in one Yolnme, 12mo. @1.5ti 



By Ed. Ukbik, Engineer of Arts and Manufactures. A Prize Essay 
read before the Association of Engineers, Graduate of tlie SciiooJ of 
Mines, of Liege, Belgium, at tlie Meeting of 18e3-«, To which is added 
A Comparison of the Hesistiso Properties op Ikos and Steel. 
Bj A. Bbui-i.. Translated from the Frencli by A. A. Fesqvet, Che- 
nust and Engineer. In one Tolume, Sro ifl.OO 

VAIItE. — Galraiuzed Iron Oomioe-Worker's Manual: 

Coiiiaining Iiistrnctiona ia Laying out the Different Mitres, and Ma- 
king Patterns for aU kinds of PlWii and Circular Work. Also, Tables 
of Wcighta, Areas and Circumferences of Cirules, and other Matter 
calculated to Benefit IJie Trade. By CHARLES A. Vailb, Superin- 
tendent "Biolimond Cornice Works," lliehmond, Indiana. Illustra- 
ted by 31 Plates. In one volnme, ita t5.00 

VIIiLE.— The School of Chemical Manures : 

Or, Elementary Principles in tlie Use of Eerlillzing Agents. From tlie 
■r^ 1. .n. rt ,, by A. A. FESijUET, Chemist and Eiigi- 



VOGDES.— The Architect's and Builder's Pocket Com- 
panion and Price Book: 

Conaiating of a, Short bnt Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of U. 8. Measures, 
Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, and various 
other Materials, Quantities of Malerials in Given Sizes, and Dinien- 
siona of Wood, Brick, »nd Stone ; and a full oud complete Bill of 
Prices for Carpcnter'a Work ; also. Rules lor Computing and Valuing 
Brick OJid Bnck Work, Slone Work, Painting. Plastering, etc. By 
Frank W. Vogdes, Architect. Illustrated. Pull bound in pockets 

book form $3.00 

Bound in cloth 1.50 

WARN.— The Sheet-Metal Worker's Instructor: 
For Zinc, Sheet-Iron, Copl>er, and Tin-Plate Workers, etc Contain- 
ing a selection of Geomeljieal Problems; also. Practical and Simple 
Hales for describing the varioua Patterns required iu the different 
branches of the above Trades. By BEUBEN H. Waek, Practical Tin- 
plate Worker. To which is added an Appendix, containinglnstruc- 
tdoiiB for Boiler Making, Mensuration of Snrfiices and Solids, Rules for 
Calculating the Weights of different Figures of Iron and St«el, Tables 
of the Weights of Iron, Steel, cle. Illustrated by 3:! Plates ani! .Sr 
Wood Engravings. Svo, 53.U0 
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